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IN ASSEMBLY 


AN TAR Yb 1910-. 


TWENTY-EIGHTH ANNUAL REPORT 
OF THE 


BOARD OF CONTROL OF THE NEW YORK AGRI- 
CULTURAL EXPERIMENT STATION. 


STATE OF NEW YORK: 
DEPARTMENT OF AGRICULTURE, 
ALBANY, N. Y., January 15, 1910. 
To the Assembly of the State of New York: 
I have the honor to herewith submit the Twenty-eighth 
Annual Report of the Director and Board of Control of the 
New York Agricultural Experiment Station at Geneva, N. Y., 
in pursuance of the provisions of the Agricultural Law 
I am, respectfully yours, 


RAYMOND A. PEARSON, 
Commissioner of Agriculture. 
[iii] 


NEW YORK AGRICULTURAL EXPERIMENT STATION. 
GENEVA, N. Y., January 1, 1910: 


Hon. RAyMonp A. PEARSON, Commissioner of Agriculture, 
Albany, N. Y.: 

Dear Str.— I have the honor to transmit herewith the report 
of the Director of the New York Agricultural Experiment Sta- 
tion for the year 1909, in accordance with the provisions of 
chapter 489, Laws of 1904. 

Yours respectfully, 
LGB AEE SO 


President; Board of Control. 


ORGANIZATION OF THE STATION 1909, 


BOARD OF CONTROL. 


GovERNoR CuarLes E. Huaues, Albany. 
COMMISSIONER RAYMOND A. PEARSON, Albany. 
LyMAN P. HAVILAND, Camden. 

Epcar G. DUSENBURY, Portville. 


THomas B. WILSON, Hall. 
IrviInG Rouse, Rochester. 


ALFRED G. LEWIS, Geneva. 
Lewis L. Morreti, Kinderhook. 
Exvtnu 8. Miniter, Wading River. 


OFFICERS OF THE BOARD. 


THOMAS B. WILSON, 
President. 


WILLIAM O'HANLON, 
Secretary and Treasurer. 


STATION STAFF. 


WuiITMAN H. JorpDAn, Sc.D., LL.D., Director. 


GEORGE W. CHURCHILL, 
Agriculturist and Superin- 
tendent of Labor. 
WILLIAM P. WHEELER, 
First Assistant 
Industry). 
FRED C. STEWART, M.S., Botanisé. 
JOHN G. GROSSENBACHER, PDp.B., A.B. 
Associate Botanist. 
1G. TALBOT FRENCH, B.S., 
*STOcKTON M. McMurran, B.S., 
Assistant Botanists. 
Lucius L. VAN SLYKE, PuH.D., 
Chemist. 
ALFRED W. Boswortn, B.S., 
ERNEST L. Baker, B.S., 
Associate Chemists. 
ARTHUR W. CLARKE, B.S., 
ANTON R. Ross, B.S., 
Morgan P. SWEENEY, A.M., 
JAMES T. Cusick, B.S., 
Otto McCreary, B.S., 
Assistant Chemists. 
Harry A. Harpine, M.S., 
Bacteriologist. 
MARTIN J. Prucua, M.S., 
Associate Bacteriologist. 
JAMES K. WILSON, B.S., 
Assistant Bacteriologist. 
GeorRGE A. SMITH, Dairy Expert. 
FRANK H. Hatt, B.S., 
Editor and Librarian. 
PERCIVAL J. Parrott, M.A., 
Entomologist. 


(Animal 


‘Harotp E. Hopextss, B.S., 


‘WILLIAM J. SCHOENE, B.AGR., 
Assistant Entomologists. 
Uxtysses P. Heprick, M.S., 
Horticulturist. 
RICHARD WELLINGTON, B.S., 
MAXWELL J. DORSEY, B. S., 
W. H. ALDERMAN, B.S.AGR., 
Assistant Horticulturists. 
OrRIN M. Taytor, 
Foreman in Horticulture. 
‘Wma. J. Youne, B.S., 
Student Assistant in 
Horticulture. 
‘F. ATwoop SIRRINE, M.S., 
Special Agent. 
"JENNIE TERWILLIGER, 
Director’s Secretary. 
FRANK E, NEWTON, 
WILLARD F. PATCHIN, 
®Cora A. WHITAKER, 
™May A. DuRKIN, 
8 LENA G. CURTIS, 
Clerks and Stenographers. 
ApiIn H. Horton, 
Computer and Mailing Clerk. 
PI ULIA wht, ELOBY, Junior Clerk. 
*DONALD REDDICK, Ph.D., 
Assistant Botanist. 
a dey LLARTSELIA. WieAS 
Assistant Entomologist. 
0, E. GLADWIN, B.S., 
Special Agent. 


Address all correspondence, not to individual members of the staff, but to 
the New York AGRICULTURAL EXPERIMENT STATION, GENEVA, N. Y. 
The Bulletins published by the Station will be sent free to any farmer apply- 


ing for them. 


‘Absent on leave after October 1. 
? Appointed October 1. 

>From June 1 to September 15. 

4 Riverhead, N. Y. 

5 Absent on leave up to December 1. 
® Resigned December 1. 


7Appointed October 1. 

8 Appointed December 1. 

* Resigned October 10. 

1 Connected with Chautauqua Grape 


Investigations. 


Digitized by the Internet Archive 
in 2021 with funding from 
University of Illinois Uroana-Champaign 


https://archive.org/details/annualreportofoo2819newy 
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Twenty-EicgutH ANNUAL Report 


OF THE 


Board of Control of the New York Agricul- 
tural Experiment Station. 


TREASURER’S REPORT. 


GENEVA, N. Y., October 1, 1909. 


To the Board of Control of the New York Agricultural Eapert- 
ment Station: 


As Treasurer of the Board of Control, I respectfully submit 
the following report for the fiscal year ending September 30, 
1909: 


MAINTENANCE FuNp — Necessary EXPENSE. 


APPROPRIATION 1908—1909. 


Receipts. 
1908. Dr. 
wove 10 balance on, hand..,.,..... Dinard deh ee. $93 98 
To amount received from Comptroller. 20,000 00 


$20,093 98 


1909. 
Oct. 


1908. 
Oct. 


REPORT OF THE TREASURER OF THE 


Exependitures. 


By building andsrepairs... cae ae ele 


2 UBY Chemical USO DPIes re sre: aictta seek ie 


Ly 


By, contingent expenses..........0.. 
BYtCCOINE SUS My ees >  dimeteneeee oe 
BV TOrUi Zerg! nc monn. t y.taeret, Veena 
Bypireich ts: and “express, oes swe 
By furniture ANG MXUULes wee cpee cape cet 
By heat; light angewatensuo.s. ores 
By [tbrarya. Piha. eh eee ber ceo ae eae 
Bylive stock sort etna aie cerca 
By postage and stationery........... 
By: publics tons. ee ken tyne es 
By. scientific apparatuee., o.. iwi as 3 
By seeds, plants and sundry supplies. 
By tools, implements and machinery. . 
By traveling expenses...........-... 


By balances. Aux eh. 4 ee eee 


Cr. 
$615 77 
1,250 52 
2,231 34 
1,186 75 
236 75 
(27 06 
67 00 
840 92 
970 49 
138 00 
1.64 Git 
4,700€ 44 
154 58 
2,529 53 
B18 35 
2,177 59 


$20,093 98 


GENERAL EXPENSE — Heat, Licgut, WaAtTsErR, Etc. 


APPROPRIATION 1908-1909. 


Receipts. 


1. To balance on hand Sipedi ack OC RO ee 


To amount received from Comptroller. 


Dr. 


$294 95 
4,000 00 


$4,294 95 














New York AGRICULTURAL EXPERIMENT STATION, 3 

Expenditures. Cr. 
De YsOUUMinerANG TeDAITS aos. cs as <r $2,139 81 
IsVRLTelOuT ANOLOX DTCSS own cas ca lee AS 45 
Peveneat sont And water. ce cise. stele 1,757 35 
__ By scientific apparatus ............. ol4 72 

1909. 

TI OL Vig WALT OG ho on, hc toisel ele cues diy kev alve.e 34 62 
$4,294 95 

SPECIAL FuND — HORTICULTURAL INVESTIGATIONS. 

APPROPRIATION 1908-1909. 
Receipts. 

1908. De: 
@ereeele-Lorparancecon Nand: ..es.6.0006/2.. $82 09 
To amount received from Comptroller. 8,000 00 
$8,082 09 

EHaependitures, Ons 
By contingent expenses ............ $307 27 
By postage and stationery.......... 170 00 
TSW DULG UOLISY dseee ese case fee ahs Fate 213 46 
Ee Varerh LAL LOS cder ie Th, sash cas wey assis ig oo 6,893 15 
By seeds, plants and sundry supplies . 23 60 
BYEtraveling! CXPEDSeSu. 26 tc sens ee ss 95 94 

1909. 

Meme eV, OALANCO pe sie ic icieet sd sev e'g is'ghgieldnaie 378 67 
$8,082 09 
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SALARIES. 
1908-1909. 
Receipts. 
1908. Dr. 
Oct aeso balan cCe On, Nal Gas Lc en eee $581 98 
To amount received from Comptroller 31,000 00 
$31,581 98 
Eaependitures. Cr. 
yD ¥) SULAPICN 29 poe ae eee eee ey ne $31,312 58 
1909. 
Oct.. 1. By balances) eae eee 269 40 
$31,581 98 
LABOR. 
1908-1909. 
Receipts. 
1908. Dr. 
Oct)! 1o¢fo balance on hand Aiea ee $291 60 
To amount received from Comptroller 13,000 00 
$13,291 60 
Eapenditures. Cr. 
BY aA DOR i aemr a nserer SR RCE Meee Al $13,029 26 
1909. 


Oct lic By ‘balance we eee ee eters: fe, aera 262 34 © 


——= 


$13,291 GO 


—-———-. 
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FERTILIZER INSPECTION: 


1908-1909. 








Receipts. 
1908. Dr. 
etree LO: DALANCOy a vines Suid eie'> . Wines aw OER $3,951 75 
To amount received from Comptroller 8,500 00 
$12,451 75 
Eependitures. — Cr. 
Ps Vee CUCIUICAI SI DDILCS 90,5: acs cicrars “cates | $1,106 16 
By contingent expenses ............ 1 00 
By freight and express..-............ 58 32 
By heat, light and water............ 429 10 
By postage and stationery........... AQ 
ES WAAL LIGOE MOT S ites cee arate: <b uitig Gigs << 1,091 65 
LES TSG dG Wid aly 8 oo ages Re Pe Ae Coa2k 
yr ecienuinccapDaracluSes «ahaa. 5. a). + - 144 50 
BYc(ravelne CXpenseg no... scien sss 95 01 
1909. 
Cima Ly VBCUIATICO soc 0 chet Sieg G's aise a a os Lane 1,562 30 
$12,451 75 
CONCENTRATED FEEDING STUFFS INSPECTION. 
1908-1909. 
Receipts. 
1908. Dr. 
(NCE. ol. Lo palancemeinh. ba Be MOVE G ose Ten $577 15 
To amount received from Comptroller 3,500 00 


$4 O77 15 


1909. 
Oct. 





Report oF THE TREASURER OF THE 

Expenditures. Cr. 
By chemical) supplies, oo-5. Wo ea ee $112 50 
By. treient- and express) a. nape eee. 28 41 
By teat, Wehr and” water nee ee eee he 107 60 
Dye pUDIICALIONS oy, eta beens cree ee 733 44 
IY MALIA TICS TH tA Pika ts 5 cs seam oe ores ee 2,409 95 
es VL ATICG.. 5. se HRts oc wh strane tee nesters 685 25 
$4077 15 

CHAUTAUQUA GRAPE WORK... 

Receipts. ig 
To amount received from Comptroller $1,270 91 

Expenditures. Cr. 
By building and repairs. s.sute nee $14 05 
By chemical supplies .. -...5...%. 045. 23 8) 
By contingent expenses | 2.247 4 1 00 
By. fertilizers is) 3. cee ee eee 21 80 
By freight and-@xpress a pe tt te ee - 3 41 
By furniture and ‘fixtures... 2... 30 00 
3y heat, light and water............ 40) 

By PlaDor - |: serqayired sortie Yer heahion 9 

By postage and stationery.......... 2 80 
By Salaries tay iipecicres, ic: se cate clay ee 550 00 
By, scjentific ‘apparatus’ ys. oie, 166 09 
By seeds, plants and sundry supplies... 220 58 
By tools, implements and machinery. . 8 62 
By traveling expenses ..........%.. 218 58 
$1,270 91 


ees See 


NEW 


Expenditures. 


a 


CONSTRUCTION M Ae WRN chee: i ony, 
PouLtry House. 
APPROPRIATION 1908-1909. 
Receipts. 
To amount received from Comptroller 


Expenditures. 


By construction 
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DweLuing Housss. 
1908-1909. 
Receipts. Dr. 
To amount received from Comptroller $31,519 72 
 Hependitures. ba 
1S V DUCT ae Goeth tare Rieter OPPs $31,519 72 
ELECTRICAL WORK. 
1908-1909. 
Receipts. Dae 
To amount received from Comptroller $2,330 90 
Hapenditures. Cr. 
PeVPPGLCCLEICAL AWOLK osec cc tle cste ess «sic $2,330 90 
CarTLe SHEDS. 
1908-1909. 
Receipts. Dr. 
To amount received from Comptroller $1,598 87 


Or. 
$1,598 87 


ree 
$1,199 89 


Gr: 
$1,199 89 


8 REPORT OF THE TREASURER. 


UNITED States APPROPRIATIONS, 


1908-1909. 
HATCH FUND. 


Receipts. Dr. 
To receipts from the Treasurer of the 
United States as per appropriation 
for fiscal year ended June 30, 1909, 
as per act of Congress approved 


March 2718S (ass eern iten eee eee $1 500 00 
BHaependitures. Cr. 

BY Salaries tekst detets Eels Cee enemas $222 53 

By la ber 2022455 ee ree eee ee 1,145 33 

By publications) ok en eee ecta 132 14 

$1,500 00 


ADAMS FUND. 
APPROPRIATION 1908-1909. 


Receipts. iY. 


To receipts from Treasurer of the 
United States as per appropriation 


for fiscal year ended June 30, 1909. . $1,100 00 
Expenditures. Cr 


BY. SAlarieger aa, jee x Kyece nolo few eles $1,100 00 


All expenditures are supported by vouchers approved by the 
Auditing Committee of the Board of Control and have been 
forwarded to the Comptroller of the State of New York. 

(Signed) _W. OCHANLON, 
Treasurer, 


DIRECTOR'S REPORT FOR 1909-* 


' 


To the Honorable Board of Control of the New York Agricultural 
Haperiment Station: 

GrnTLEMEN.— I have the honor to submit herewith for your 
consideration a report of the condition and work of this institu- 
tion for the year 1909. In this connection I take the liberty of 
presenting a statement of the additional funds and equipment 
which I regard as essential to the continued progress and 
efficiency of the Station as an agency for the advancement of 
New York Agriculture. Suggestions are also offered as to the 
proper function of an experiment station in promoting the wel- 
fare and prosperity of the farming class. 


ADMINISTRATION. 


STATION STAFF. 

A most gratifying continuity of service by the members of the 
Station Staff now exists. During the year now ending no 
changes in the staff have occurred excepting that Stockton M. 
MecMurran, B. S., was appointed as Assistant Botanist to assume 
temporarily the duties of a member of the botanical staff now 
absent for the purpose of further study. 


MAINTENANCE FUNDS. 


The funds available for the support of the Station for the fiscal 
-year beginning October 1, 1909, are as follows: 


ee aes a ee ee ae ee be he Wake a! vswiellcnd alaeesale ke Re $40, 000 
NO Tere oa Cire elie Nee ee te ee ae oe wis oo Pee Sette ts ane 15, 000 
Maintenance and distribution of scientific work of Station depart- 
DUPER ed a eC aha Ja fou ets fay sg iosiai =, etka ‘a aersal Biaues # ee & hia, faghiain als, olathe 22, 500 
meneraloexpense, neat, light; repairs, ete fi) bis Pl eae oR Aa 5, 500 
RAdG Tet LBM gee Cie ast thl a, se eiarera et We clair aha lat’e stevie Ca 4 wavsle'e te. olte a ss $83,000 





—- 


* A reprint of Bulletin No, 321. 


10 DirectTor’s REPORT OF THE 


Expense of work required by Commissioner of Agriculture. 


Fertilizer inspection (s4 ys. merece bees © Milter etalon fail tubal (oe! ORG ie ere $10, 000 
Feeding Slut | INSDECtION | giecatas vias bisie, Vin nun eelaleGrs acts 6 aioe weenie 3, 500 
Total wostesie cia ay Se FA Ee na is iste Lk 5 pe $13, 500 


By order of your Board the following appropriations are to be 
requested of the Legislature of 1910, for the support of the Sta- 
tion for the fiscal year beginning October 1, 1910. 

For the general maintenance of the Station: 


Salaries icrivesgi oe bia A cbb. Adio wiehelpnecase Phe’ scakpts om eo etalon ands eae Oe eee $47, 000 
TOT a OY OA ile i ieilches Nontans oibteteetael ak pteatinns taihar ae) idee as ct ean pre 15, 800 
Maintenance and distribution of scientific work of Station depart- . 
PeELS) a1 Tg oa ORE DY MOM RRM rt oti aire ps | ER ASI S| Ae ere Cer “pls 2 Rie eaeae ee 22,-500 
General expense, heat, light, repairs, et@..). 0)... oe ewe so ble elena 5, 500 
DOG ies P) ncs'h @ a ieleis is noalte Slats W Bach's We 8 Stdhe Tete Ret we ly te em $90, 800 


Expense of work required by the Commissioner of Agriculture: 


Fertilizer: ins peetiowea ys 06 a0. is ware /a7e 6) son 31 eRe eer $10, 000 
Feeding Staff anspeetion (is / isi. 4h. 6/a. Sik & leit clade ee ae 3, 500 
Total Fe AN Veta ek Chee oe eels RAED Be oho Ratti dt PRs mn $13, 500 


The above items are similar to those allowed by the Legislature 
of 1909 excepting that $7,000 more is asked for salaries and $800 
more for labor. 

An addition to the salary item appears to be demanded by con- 
ditions over which the management of the Station has no control. 
On account of the competition among agricultural colleges and ex- 
periment stations in securing the services of well equipped and_ 
experienced teachers and investigators the maintenance of an 
efficient staff at the Station has assumed a somewhat critical 
stage. Persons competent to serve these institutions efficiently 
are not being trained in numbers proportional to the rapid in- 
crease of funds that are set aside for agricultural education and 
research ; and other institutions now receiving increases of federal 
and state support, in seeking to enlarge their staffs, are offering 
larger salaries than the leading members of the Station Staff are 


New YorK AGRICULTURAL EXPERIMENT STATION. Tt 


now receiving. In order to retain these men, whose places could 
be filled only at higher salaries, and with difficulty even then, it 
seems imperative that their compensation be increased. The 
efficiency of any institution is measured by the efficiency of its 
men. After a careful consideration of the whole question it was 
decided that the additional sum of $7,000 will be needed to main- 
tain the Station Staff on its present basis. 

The increased rates of wages and the enlarging equipment and 
activities of the Station are requiring a larger labor fund and 
it is estimated that a minimum increase to this fund of $800 will 
be needed for the next fiscal year. 


STATION PUBLICATIONS. 


The following is an approximately accurate statement of the 
number of names on the Station mailing lists at the present time 


to which Station bulletins are sent: 
PorpuLAR BULLETINS. 


PRET BEE} Mae WETNCIT Redan hr Oe Gee sy Sd sys clecath ota. sue o ule athe © cies 37, 155 
Residents of other states ......... Pao emene sachs 5 RP RENREN R ac sk 7s wae ts es Wa Poe 
SEV) USC ae 0 Ps ea 1 eee PY a a 770 
PeMerIMSNGLSLALIONSe ANC MtNGLE SLATS) 5. kik late. os Slew din's « 1, 481 
PEW AGePERMLEQ UA tate ie 2a eis al eeed oe a athe tio oP ate) a we hose MAAS es ot eee Oe 100 

a eee cet ese tiaras Se (ota eal dda. d sive previa, aca el Shemale eet ier at eek 42, 236 

: COMPLETE BULLETINS. 

PESVBEUMONLLALATIONS. ANCLENGIT SLA Sigs binisue ernie « alemiie file giaiya ke «9s 1, 481 
SUMP ATCT LIOLS COLOeR orice sisie's he ole es bardie aisit kas¢ldny eee Foye Ve 200 
Lega Ts DET 3 RS: a Cie RAL apt 2 og a OR pag 276 
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Early in 1909 the publication known as “ The Grapes of New 
York,” being Part II of the Station Report for 1907, became 
available for distribution. Nine thousand copies were printed, 
of which two thousand were assigned to this institution. There 
is an active demand for this work, not only in New York but 
throughout the United States, and the supply does not meet the 
demand for even our own State. Requests for “The Apples of 
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New York,” the distribution of which was begun in 1904, are 
still being made in considerable numbers, many of which cannot 
be met. : 

The third publication in the series, “The Plums of New 
York” is now in preparation and the copy will be submitted as 
a part of the Station Report for 1910. 


REPAIRS. 

By the use of a special appropriation of $2,500 granted by the 
Legislature of 1909, all of the Station buildings excepting the 
new houses have been painted and numerous other needed repairs 
have been made. Before long quite an extensive renovation 
should be given to the Chemical Laboratory which has had little 
attention since its erection in 1891-2. 


ELECTRICAL EQUIPMENT. 


Since the opening of the year the Station has become equipped 
for the use of electricity as a motor power and for lighting. 
Motors are now used for running the refrigerating plant, the 
mills for grinding samples in the Chemical Laboratory, and the 
milking machine; and the main buildings, including the stabies, 
are thoroughly equipped with electric lights. 


A BUILDING NEEDED FOR ADMINISTRATIVE AND DEMONSTRATION 
PURPOSES, 


The Legislature of 1909 appropriated $40,000 for the erection 
at the Station of a new building to be used mainly for the pur- 
poses of administration and demonstration. This sum was $20,- 
000 less than was asked for this purpose. The Governor felt the 
necessity of disallowing this item and so it is necessary to again 
make an appeal for the funds necessary for the erection of the 
proposed structure. 

The reasons why this building is needed have been fully pre- 
sented in two previous reports, a brief aneinar of which is given 
in this connection: | 
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(1) The building, formerly a dwelling house, now occupied 
for administration purposes should be devoted to caring for un- 
married members of the Station Staff who now must procure 
their meals at a mile or mile and a half distance from the Station. 
Administrative quarters should, therefore, be provided elsewhere. 

(2) The Station is greatly in need of space in which to make 
an objective display of the results it has reached. 

(3) There is no place at the institution where even a small 
audience can be assembled excepting out of doors in pleasant 
weather. , 

For a fuller statement of the above considerations reference is 
made to the Station Reports for 1907 and 1908. 


INVESTIGATIONS IN THE INTEREST OF GRAPE GROWING IN CHAU- 
TAUQUA COUNTY. 


The Legislature of 1909, by special enactment, appropriated 
$10,000 for the purpose of inaugurating an extended study of the 
conditions attending grape growing in Chautauqua County. This 
action was taken without solicitation on the part of the Station 
authorities at the earnest request of a large body of grape growers. 
The reason assigned for this demand for help was that the vine- 
yards of western New York appeared to be suffering a marked 
drop in condition and productiveness, brought about undoubtedly 
by a combination of causes such as bad methods of culture, un- 
favorable moisture conditions and the serious ravages of fungus 
and insect pests. It was the belief of the grape growers them- 
selves that some underlying hidden influences were menacing the 
vineyards and that the industry which is the sole dependence of 
many of them was in danger of being destroyed, but in view of 
the satisfactory crop of 1909 such a view is hardly tenable. It 
is more rational to conclude that a combination of known causes 
which for a few years operated in unusual numbers and with 
unusual severity is the explanation of the decreased output of 
grapes. 
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In obedience to legislative action the work of inquiry into 
vineyard problems has been organized in Chautauqua County. 
Thirty acres of land near Fredonia on which are twenty acres of 
vineyard, have been leased for a period of years, and temporary 
facilities have been established in connection therewith for carry- 
ing on the necessary laboratory studies. 

The following persons have been employed in addition to the 
regular Station Staff.to carry on the necessary studies: 

Fred E. Gladwin, A. B., Special Agent. 

Donald Reddick, Ph. D., in plant pathology. 

Fred Z. Hartzell, M. A., in entomology. 

Cultural experiments to extend over a series of years have 
been begun in the leased vineyard, and studies of fungus and in- 
sect pests have been inaugurated. During the past summer 
records were secured of the past and present conditions existing 
in not less than 75 per et. of all the vineyards in the grape belt. 
It is expected that another season experiments and observations 
on fungus and insect pests will be considerably extended to those 
localities that offer good opportunities for such studies. 


THE RELATION OF THE STATION TO THE EXTENSION OF AGRICUL* 
TURAL KNOWLEDGE. 


There is now in progress a notable movement for the extension 
of knowledge among the agricultural people of the United States. 
This movement, which had its small beginnings more than a half 
century ago and has now developed to great magnitude, is taking 
several forms, the principal ones of a popular nature being 
farmers’ institutes, bulletins, reading courses and other literature 
issued by the United States Department of Agriculture, agricul- 
tural colleges and experiment stations, demonstration work on in- 
dividual farms, exhibits at fairs, addresses before agricultural 
bodies and personal advice to farmers by correspondence or visita- 
tion. In certain sections of the United States so called demon- 
stration farms have been established. At least twenty-five of the 
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agricultural colleges have established extension departments and 
at the last convention of the Association of Agricultural Colleges 
and Experiment Stations, the constitution of the Association was 
amended to provide for a section to be devoted to the considera- 
tion of extension work. It is practically certain that Congress 
will be asked to further endow the agricultural colleges in order 
that these institutions may greatly enlarge their activities in the 
popular education of the agricultural masses. All of this effort 
has for its purpose, of course, the promotion of larger intelligence 
on. the part of farmers and, as a consequence, a higher and more 
productive type of agriculture. 

Recently several gentlemen prominent in industrial affairs 
have wisely and opportunely discussed in a public way the 
economic future of this country from the standpoint of its agri- 
cultural efficiency. They have called attention to the low yield 
of staple products in many parts of the United States, to the ap- 
proaching balance between our production of food stuffs and our 
home needs and point to the time when, unless our agricultural 
methods improve, we will not produce the bread we consume. 

It is undoubtedly true that the maximum productive capacity 
of-the farms in the older states has not been maintained, even ap- 
proximately. It is equally true that by proper methods the fer- 
tility of run-down farms may be restored and through better farm 
practice the average acreage production increased in New York 
by a large percentage, even doubled. Granting, then, the economic 
necessity of better farming and the possibility of attaining it, we 
are confronted with the question as to how this is to be brought 
about and what relation this institution has to the effort. 

Long association with the effort of agricultural betterment 
generally convinces an intelligent observer that the practice on 
any given farm will not rise above the level of the farmer’s capa- 
city and intelligence, and that even in our most prominent agri- 
cultural states there are thousands of farms where improved 
methods may not reasonably be expected because the owners are 
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not susceptible to improvement themselves. This is the type of 
man who for several decades has withstood the appeals that have 
been made to his intelligence and business sense through agricul- 
tural literature, farmers’ institutes, the example of successful 
neighboring farms and other influences, direct and indirect. It 
is urged by several prominent men, whose advice is not to be 
ignored, that so called model or demonstration farms be estab- 
lished at public expense in perhaps every county in the older 
states as a sure means of rescuing our agriculture from its alleged 
low state through the educational influence of observation and the 
power of example. This question cannot be discussed at length 
in this connection but it may well be remarked that such a scheme 
is almost certain to prove very disappointing. Official farming 
in such an extensive way would be precarious on the practical 
side, it would certainly be very expensive if a farm was equipped 
to demonstrate along all lines of agriculture important to even a 
single county, and there are grave reasons for believing that off- 
cial success would have less influence than private success. There 
are thousands of farms in New York on which it is being demon- 
strated that generous and profitable crops may be grown, the les- 
sons from which pass unheeded by many other neighboring farm- 
ers. Many who have had experience in the field of agricultural edu- 
cation in its various forms are convinced that the establishment of 
model farms is unwise and that the most effective demonstrations 
are those made on private farms, as opportunity offers for teaching 
a lesson important to a given locality. This plan permits the 
adaptation of the work to changing needs and a great variety of con- 
ditions, and involves less expense and less danger of failure than 
the equipment of permanent extensive establishments. But admit- 
ting, as we should, that such demonstrations may be effectively 
educational, it is still true that the future of agriculture will be 
determined by the slow processes of education that operate prin- 
cipally on the growing generation. We must depend upon the 
training and development of a type of man and not upon panaceas. 
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What place has the experiment station in this educational 
work? There seems to be a general expectation on the part of 
the public that an experiment station is to participate in all forms 
of agricultural teaching outside of school or college instruction. 
There exists a widespread and insistent public demand that 
members of the Station Staff engage in the various forms of ex- 
tension teaching at institutes, from the convention platform, by 
means of literature and as a correspondence bureau, a demand 
which constitutes a real and perplexing problem for those who are 
attempting investigation of agricultural problems in a way that 
requires concentration and continuity of effort. 

The work of an experiment station relates primarily to the 
acquisition of knowledge rather than to its dissemination. All 
teaching, whether academic or popular, indeed, all farm practice, 
must rest upon a body of knowledge that should be scientific and 
reliable, which it is the function of an experiment station to en- 
large. Agriculture now suffers from the limitations of knowl- 
edge as well as from so-called science that is utterly unreliable, 
and no more essential or useful service can be rendered to the 
farmer and to the public in general than the discovery of new 
truth that makes possible greater efficiency and economy in farm 
management. Inquiry must precede instruction of all forms, 
from the college class room to educational efforts of the most 
popular kind, and it is a serious mistake to so dissipate the 
energies of agricultural investigators as to render them inefficient 
in the peculiar field to which they are assigned. 

In 1907 the Association of American Agricultural Colleges 
and Experiment Stations appointed a commission to consider and 
report on the conditions that should surround the effort at agri- 
cultural research in the United States. This Commission found 
that a large amount of publicity work had been required of those 
persons holding positions of scientific responsibility in agricul- 
tural colleges and experiment stations, thereby greatly minimiz- 
ing the efficiency of the agencies that are established for agricul- 
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tural research. On this point, and in relation to freeing the in- 
vestigator from hampering conditions the Commission made the 
following statements : 

“The progress of agricultural a De now demands that 
agricultural research agencies shall deal as largely as possible 
with fundamental problems, confining attention to such as can be 
adequately studied with the means available.” 

“The work of research in agriculture should be differentiated 
as fully as practicable, both in the form of organization and in 
the relations of the individual investigator, from executive work, 
routine teaching, promotion and propaganda, and should be under 
the immediate direction of an executive trained in the methods of 
science who should not be hampered by other duties of an entirely 
unlike character.” 

“The investigator should be free from all coercion whatever. 
In reaching his conclusions he should be equally free from the 
prescription:of received opinion and the temptation to exploit his 
results for the purpose of obtaining future support. To this end, 
his work should be as far removed from immediate dependence . 
upon legislation as is consistent with due responsibility to the pub- 
lic, and his relations to the public and to the organization of 
which he is a member should be such as to promote individual 
initiative and not interfere with freedom of conclusion or utter- 
ance on scientific questions.” 


REVIEW OF THE YEAR’S WORK. 


DEPARTMENT OF BACTERIOLOGY. 

Inoculation and lime as factors in growing alfalfa.— The ob- 
ject of the co-operative experiments reported in Bulletin 313 was 
to get a measure of the real need of inoculation and of lime in 
connection with the growing of alfalfa on the farms of this State, 
and, so far as possible, to determine the relative importance of 
these lines of treatment in connection’ with the growing of this 
crop. 
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The results from more than 100 co-operative experiments in 
erowing alfalfa, located in over one-half of the counties of the 
State, indicate that where neither lime nor inoculation is applied 
the chance of a successful crop is not more than 20 per ct., or 
one chance in five. Where lime is added to the land at the rate 
of 1,500 pounds per acre the chance of. success is raised to about 
60 per ct., or about three chances out of five. Where both lime 
and inoculation are applied as above directed the chance of a 
successful crop is raised to about four out of five. 

Each farmer intending to try the growing of alfalfa should re- 
strict his seeding to a single acre and so arrange that acre as to 
determine what line of treatment is required by his field. 

These results, obtained during 1995-08, were rendered possible 
only through the active co-operation of approximately 200 
farmers. 

Milking machines The perfection of a mechanical cow 
milker would be a more important advance-in dairying than has 
occurred since the introduction of the centrifugal cream separator. . 

For the past three years milking machines have been in use 
in the Station dairy and some of our observations are given in 
Bulletin 317. These are confined to the effect of methods of 
handling the machines upon the germ content of the milk. 

Where the machines were given only a good washing each day 
the milk had a very high germ content and soured quickly. Keep- 
ing the rubber parts of the machine in a 10 per ct. salt solution 
-between milkings markedly reduced the germ content. When 
the machines were provided with sufficiently large air filters and 
these were properly filled with cotton the germ content was still 
further reduced. When both of these matters were attended to 
and the machines were handled carefully in all respects the germ 
content of the milk compared favorably with that ordinarily 
obtained under similar barn conditions. 

Bacterial soft rots of certain vegetables.— The common vege- 
tables are often subject to soft rots which are of considerable 
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economic importance, particularly in the cabbage and cauliflower 
industry of Long Island. or some years certain of these rots 
have been studied jointly at this Station and the Vermont Agri- 
cultural Experiment Station and the results of a part of this 
study are given in Technical Bulletin 11. The first part of the 
bulletin shows that the organisms are identical and the second 
part describes the bacterial enzyms by means of which the bacteria 
destroy the plant tissue. ; 


DEPARTMENT OF BOTANY. 


Potato spraying experiments.— During the season of 1908 the 
potato spraying experiments begun in 1902 were continued along 
the same lines as in previous years. The results have been pub- 
lished in Bulletin 311. In the ten-year experiment at Geneva 
six sprayings increased the yield 89 bu. per acre, while three 
sprayings increased it 29.5 bu. In the duplicate of this experi- 
ment at Riverhead, Long Island, the gain due to five sprayings 
‘was 15.3 bu. per acre and to three sprayings 10.75 bu. In four- 
teen farmers’ business experiments, including 200 acres, the 
average gain due to spraying was 18.5 bu. per acre; the average 
total expense of spraying was $4.30 per acre and the average 
net profit $8.53 per acre. Eleven volunteer experimenters reported: 
gains averaging 66.3 bu. per acre. 

Thus far the results are highly favorable to the ‘practice of 
spraying. In the ten-year experiments at Geneva the average 
gain for seven years from spraying every two weeks has been 
110 bu. per acre, and from spraying three times during the season, 
84 bu. At Riverhead the corresponding gains have been smaller 
-— 54 and 29.3 bu. respectively. In 76 business experiments 
made in six. years the average gain due to spraying has been 
43.8 bu. per acre and the average net profit from spraying $17.94 
per acre. In 188 volunteer experiments reported in five years 
the average gain from spraying was 50.5 bu. per acre. 


New York AGRICULTURAL EXPERIMENT STaTION. —= 21 


A Mycospherella wilt of meions.— The muskmelons in one 
of the Station greenhouses were much damaged during 1907-8 by 
an uncommon disease. The vines were parasitized by a fungus 
(Mycospherella) shortly before the earliest melons were ripe. 
The disease was preceded, in both instances, by the attacks of a 
red spider, though in 1908 the damage by the spiders was but 
slight. The fungus is reported as causing a disease of several 
eucurbits in the fields in some parts of Delaware, but had never 
been recorded for this State. Since the Delaware reports differed 
in some respects from the observations made at this Station in 
1907, nothing was published till further information could be 
obtained on the points of difference. ‘The observations were 
repeated and extended in 1908. 

The pathogeneity of the fungus and the relation of its two 
spore-forms are established. Inoculation experiments were effect- 
ive, and, with but a few exceptions, the spore-forms of the fungus 
always appeared successively on the inoculated vines. 

Though this disease has recently been fouid destructive in 
several of the southeastern States, it is seemingly harmful only 
in melon greenhouses of this State. For a fuller report see 
Technical Bulletin 9. | 

Crown-rot, arsenical poisoning and winter-injury.—Crown-rot 
has been attributed to parasitic organisms, to arsenical poisoning 
and also to low temperature. From the available literature 
reviewed and from recent observations (though there are many 
contradictions) there seems little doubt about its being due to low 
temperatures, primarily. But the relation of the main secondary 
factors, such as the type of soil, soil moisture, stock-scion relations, 
and wood-maturity, to each other and to the primary cause, need 
investigation; and as a consequence proper preventive measures, 
based upon general principles cannot be formulated, but long ex- 
pensive tests must be made to determine these matters for each 
locality. 

A fuller account is found in Technical Bulletin 12. 
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DEPARTMENT OF CHEMISTRY. 


A simple casein test— There has long been a need for some 
simple and rapid method by which the amount of casein in milk 
can be determined. Such a method has been finally worked out 
in our chemical department. The method can be readily used 
by any one who is accustomed to the determination of acidity of 
cream at creameries or of whey at cheese factories. It calls for 
simple apparatus only and involves the use of no complicated, 
expensive machinery. The method will find extensive application 
in dairy schools, in all investigations of milk calling for casein 
determinations, at cheese factories, where, in case of abnormal 
milk, as in times of drouth, it is desirable to know the amount 
of casein in order to make cheese to best advantage. This test 
is described in Technical Bulletin 10. 

A chemical study of lime-sulphur washes.— This investigation 
was undertaken to solve some of the difficulties which fruit 
growers have met in making and using lime-sulphur washes. Con- 
ditions of preparation were studied and also the composition of 
commercial washes. The results, as given in Bulletin 319, indi- 
cate that. a concentrated preparation can be best made by using 
125 pounds of sulphur, 60 pounds of lime of best commercial 
quality and water enough to make 50 gallons, the whole to be- 
boiled about 60 minutes. The presence of magnesium oxide in 
lime is a serious detriment, since it causes loss of sulphur by 
producing hydrogen sulphide gas, which is also poisonous and may 
affect uncomfortably persons who are near the boiling mixture: 
for any length of time. The addition of lime to a diluted wash 
causes marked chemical changes which affect seriously the 
insecticidal value of the wash. ‘The commercial preparations 
examined varied considerably in composition. One brand con- 
tained considerable sediment, for which peculiar insecticidal 
value was claimed. This sediment consists largely of sulphite of 
lime which has not been reliably shown to have any marked 
insecticidal properties. 
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ENTOMOLOGICAL DEPARTMENT 


The tussock moth wm orchards—— The tussock moth (Hemero- 
campa leucostigma) appeared in more than its usual numbers 
during the summer of 1908 in the rural districts of western New 
York. A noteworthy feature of the outbreak was the presence of 
the caterpillars in orchards in several communities, where they 
did considerable damage to young fruits. The ravages of the 
pests were especially noticeable in the vicinity of Lockport, 
Ransomville and Middleport. A bulletin prepared by the Station, 
No. 312, contains a very complete account of the hfe history and 
habits of the insect, with full instructions by which destructive 
outbreaks may be completely prevented. | 

Commercial lime-sulphur miatures.— During recent years, com- 
mercial preparations of the lme-sulphur wash have been intro- 
duced into this State, and in several centers of fruit production 
they have been extensively used to combat certain injurious in- 
sects and plant diseases. Thorough spraying with these mixtures 
at effective strengths has generally given satisfactory results on the 
scale and the blister-mite. The commercial brands appear to be 
efficient substitutes for the home-made wash. 

The attention of fruit growers is especially called to the varia- 
tions in the densities of the clear solution, and in the amounts of 
sediment in the different brands.. The range of density was from 
26.8 to 33.9 degrees Beaumé, and the variation in sediment was 
from 0 to 19.42 per ct. Manufacturers of the leading brands are 
now establishing a standard strength for their solutions which 
they guarantee to the purchaser. 

The strengths of effective’ mixtures forthe scale, using a solu- 
tion testing 33 degrees Beaumé, range from one gallon of the 
concentrate diluted with eight gallons of water to one gallon 
diluted with eleven gallons of water. In orchards in which the 
scale is not thoroughly controlled the stronger mixtures are recom- 
mended. A dilution of one gallon of the concentrate to eleven 
gallons of water makes an effective spray. Present evidence indi- 
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eates that the common spraying arsenicals may be safely combined 
with diluted lime-sulphur solutions. 

Directions are given for making the home-made concentrated 
lime-sulphur wash. This method of preparing a sulphur spray 
has several advantages and should be tested by fruit growers to 
determine its applicability under their own conditions. 


DEPARTMENT OF HORTICULTURE, : 


A comparison of tillage and sod mulch in an apple orchard.— 
In Bulletin 814 an attempt is made to answer the question 
as to whether the apple thrives better under tillage or in sod. 
The method of tillage chosen for the experiment was to plow in 
the spring, cultivate until late July, and follow with a cover crop. 
The sod method chosen was that known as the sod-mulch method 
in which the grass is cut as a mulch. The experiment was begun 
in 1903 in the orchard of W. D. Auchter, near Rochester, New 
York. This orchard consists of nine and one-half acres of Bald- 
win trees set in 1877, forty feet apart each way. The number of 
trees in the sod plat is 118; in the tilled plat, 121. In typography — 
the Auchter orchard is rolling. The soil is a Dunkirk loam to a 
depth of ten inches, underlain by a sandy subsoil. The trees in 
the two plats received identical care in all orchard operations 
excepting soil treatment. The grass in the sod plat was cut twice 
in three of the five years, in the other two but once. The tilled 
land was plowed each spring and cultivated from four to seven 
times. Statements of results follow: 

The average yield on the sod plat for the five years was 72.9 
barrels per acre; for the tilled plat, 109.2 barrels; difference in 
favor of tilled plat, 36.3 barrels. Estimates made at blooming 
and fruiting time showed a far greater number of fruits on the 
tilled trees. Actual count showed 484 apples per barrel on the 
sod land weighing 5.01 ounces each and 309 apples per barrel 
on the tilled plat weighing 7.04 ounces each. The fruit from the 
sod-mulch plat matures from one to three weeks earlier than that 
on the tilled plat. In common storage fruit from the tilled plat 
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keeps four weeks longer than that from the sod plat. In cold 
storage, the keeping quality of the two fruits is the same. The 
tilled fruit is decidedly better in quality, being crisper, more 
juicy and of better flavor. The advantage of tillage over the sod- 
mulch in the matter of uniformity of trees and crops is marked. 
The trees in sod showed abnormalities in foliage, branches, roots 
and particularly in fruit-bearing and in fruit characters. The 
average gain in diameter of trunk for the trees in sod for the 
five years was 1.1 inches; for the trees under tillage 2.1 inches; 
gain in favor of tillage, 1 inch. The dark, rich green color of the 
foliage of the tilled trees indicated that the tilled trees were in 
the best of health. The leaves of the tilled trees were much larger 
and much more numerous. Leaves from sodded trees and the 
same number (2,400) from tilled trees were weighed and gave 
8.7 grams as the average weight per leaf for the sodded trees and . 
11.5 grams for the tilled trees. The leaves of the tilled trees came 
out three or four days earlier and remained on the trees a week 
or ten days later than on the sodded trees. The average annual 
growth of branches for the sodded trees was 1.9 inches; for the 
tilled trees 4.4 inches. The average number of laterals per branch 
on the sodded trees was 3.4; on the tilled trees 6.7. The new 
wood on the tilled trees was plumper and brighter in color, indi- 
cating better health. The amount of dead wood in the sod-mulch 
trees was much greater than in the tilled trees. The roots of the 
trees in the sod-mulch plat came to the very surface of the ground. 
In the tilled land the roots were found in greatest abundance at 
a depth of from three to ten inches. The circumference of the 
root systems in the tilled trees is approximately circular, but the 
circumference of the roots of the trees in sod is very irregular, 
indicating a reaching out of a part of the roots in response to a 
demand for more moisture, food, or air. The average cost per 
acre for the two methods of management, not including harvesting, - 
was $17.92 for the sod; and $24.47 for tillage, giving a difference 
of $6.55 in favor of the sod. The average net income per acre 
for the sod plat was $71.52; for the tilled plat $110.48, a differ- 
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ence of $38.91 in favor of tillage, an increase of 54 per ct. for 
tillage over the sod-mulch method of management. 

Tillage seems to be better than sod for the apple for the follow- 
ing reasons: The results of 120 moisture ‘determinations in the 
Auchter orchard show that the differences in tree growth and 
crop in the two plats of this experiment are mainly due to differ- 
ences in moisture, the tilled plat having most moisture. As a 
consequence of the reduced water supply in the sod plat, there is 
a reduced food supply; for it is only through the medium of free 
water that plants can take in food. Analyses show that the differ- 
ences between the actual amounts of plant food in the tiwo plats 
are very small. Analyses show that there is more humus in the 
tilled plat than in the sod plat, contradicting the oft-made asser- 
tion that the tillage method of managing an orchard “ burns out 
the humus.” At a depth of six inches, the tilled soil is 1.1 
degrees warmer in the morning and 1.7 degrees at night, than the 
sod land; at twelve inches the tilled soil is 2.3 degrees warmer in 
the morning and 1.8 degrees in the evening. We are justified, 
without the presentation of specific data, in saying that a tilled 
soil is better aérated than sodded land. Soil investigators are well 
agreed that beneficial micro-organisms are found in greater num- 
bers in a cultivated soil than in other soils. 

The following application of the results of this experiment may 
be made: Nearly all the plants which minister to the needs of 
men are improved by tillage; the apple does not seem to be an 
exception. Results as positive as in this experiment can be made 
very comprehensive; they should apply to all varieties of apples 
and to nearly all soils and locations. The experiment does not 
show that apples cannot be grown in sod; it suggests, however, 
that apples thrive in sod, not because of the sod but in spite of it. 
While moisture is by no means the only factor to be considered 
in the controversy over the sod and tillage methods of manage- 
ments, it appears to be the chief one. There is nothing in this 
experiment to indicate that trees will become adapted to grass. 
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The grape districts of New York and table of varieties.— The 
basis of Bulletin 315 is “The Grapes of New York,’ pre- 
pared by this Station and published by the State Department of 
Agriculture. In collecting the material for the grape book, much 
valuable information was contributed by the grape-growers of New 
York in co-operation with the Station. The edition of the larger 
work was necessarily limited. It was the purpose of this bulletin 
to place before the grape-growers’ an accurate summary of the 
information contained in the grape book. ‘The bulletin contains: 
First, a discussion of the natural factors influencing grape culture. 
Second, an acccunt of the location, soil, climate, history and present 
status of the four great grape districts of New York. Third, a 
brief description of the most important species of Vitis, giving 
their natural habitat, botanical differences and horticultural im- 
portance, with the object of showing their significance in 
varieties. Fourth, a table of 161 of the most important varieties, 
giving the species, fruit and vine characters, date and place of 
origin or introduction, and a brief statement of their value for 
the grower. 

INSPECTION WORK. 

Fertilizers.—- During the year 1909, 722 samples of fertilizers — 
were received from the Commissioner for analysis, and results 
of their examination are given in Bulletin 318. The chemical 
staff of the Station has also furnished evidence in several suits 
that have been brought by the Commissioner of Agriculture for 
violation of the fertilizer law. 

Feeding stuffs— The number of samples of feeding stuffs 
analyzed at the request of the Commissioner of Agriculture during 
the past year has been 403. Bulletin 316 contains the results 
of these analyses. It is shown, as has been the case for several 
years, that many brands of feeding stuffs, especially ‘those that 
are compounded from two or more ingredients, contain materials 
of very inferior quality, such as ground corn cobs, oat hulls, 
ground peanut shells, mill screenings and elevator sweepings. It 
is hoped that the amendment to the feeding stuff law, requiring 
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manufacturers to state the ingredients that enter into a mixed 
feed, will greatly aid consumers in avoiding feeds that aré inferior 
in quality. | 
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REPORT OF THE DEPARTMENT OF 
BACTERIOLOGY. 


ProOGCUMATION AND, LIME AS FACTORS IN 
GROWING ALFALFA.* 


H. A. HARDING anp J. K. WILSON. 


SUMMARY. 


1. The results from more than 100 cooperative experiments 
in growing alfalfa, located in over one-half of the counties of 
the State, indicate that where neither lime nor inoculation: is 
applied the chance of a successful crop is not more than 20 per 
ct., or one chance in five. 

2. Where lime is added to the land at the rate of 1,500 lbs. 
per acre the chance of success is raised to 40 per ct., or two 
out of five. 

3. Where inoculating soil is applied alone, at the rate of: 
200 to 300 lbs. per acre, the chance of success is raised to about 
60 per ct., or about three chances out of five. 

_ 4. Where both lime and inoculation are applied as above indi- 
cated the chance of a successful crop is raised to about four 
out of five. | 

5. Each farmer intending to try the growing of alfalfa should 
restrict his seeding to a single acre and so arrange that acre as 
to determine what line of treatment is required by his field.| 





*A reprint of Bulletin No. 313. 
{31] 
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INTRODUCTION. 


This publication summarizes the results of co-operative ex- 
periments which have been conducted in practically all parts 
of this State since 1905. The object of these experiments was 
to get a measure of the real need of inoculation and of lime in 
connection with the growing of alfalfa on the farms of this 
State, and, so far as possible, to determine the relative import- 
ance of these lines of treatment in connection with the growing 
of this crop. 

Any study of this kind should be made upon a comparatively 
large amount of data in order to arrive at dependable results; 
and in securing this data quality should not be sacrificed for 
quantity. Moreover, if the results are to represent general 
relations it is necessary that the cases studied shall be so 
selected as to represent average conditions. 

In this study, experiments have been conducted on about 200 
farms scattered through the agricultural portions of this State. 
However, the necessity of basing the conclusions upon depend- 
able experiments only has made it necessary to eliminate nearly 
one-half of these because of serious mistakes in laying out or 
conducting the experiments or of failures to report the required 
data. While this exclusion was solely for the reasons named 
it has acted in a somewhat. selective manner since in those 
cases where the experiment early became a failure from natural 
causes there was a greater tendency to neglect to furnish the 
required data than in the cases where it seemed a success from 
the farmer’s point of view. 

As a result of this, the percentages of success in growing 
alfalfa are probably higher, in the results here given, than they 
would really be in practice. However, this error can not be 
very large, since the untreated check plats here recorded only 
show a successful crop in 20 per ct. of the cases. It is hard 
to believe that in the days before the need of inoculation and 
of lime was understood the failure in growing alfalfa in this 
State occurred oftener than four cases out of five. 
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In presenting this summary of experiments conducted in co- 
operation with approximately 200 farmers in this State it is 
a pleasure to acknowledge the assistance which these farmers 
have rendered in this connection. While we trust that, as- with 
all work done for others, good has resulted to each of them, 
they have given freely of their time, thought and substance that 
their fellow farmers might know better how to meet their prob- 
lems. As a result of this united effort there is now available 
a reasonably accurate measure of the importance of two of the 
main factors in growing alfalfa in this State and this evidence 
could be obtained in practically rio other way. 

The records of many of these experiments are given in their 
appropriate place but there are almost as many that are 
not so recorded because the circumstances of the experiment 
rendered the results of doubtful value. These accidents or mis- 
takes were largely due to the inexperience of the farmers or of 
their help and are to be expected in such work. The spirit 
which led them to try to help their fellows is worthy of com- 
-mendation and the experience gained wili assist them in being 
of further service. © 


I. EFFECT OF INOCULATION. 
PREVIOUS EXPERIMENTS. 


Inoculation as a factor in growing alfalfa was discussed! in 
Bulletin 300* on the basis of observations made upon 67 experi- 
mental fields distributed among about one-half of the counties 
of this State. These experiments were begun during the sea- 
sons of 1905 and 1906 and the observations extended over two 
growing seasons. 

These observations indicate that the bacteria which form 
nodules on the roots of the alfalfa and enable this plant to 
make use of the free nitrogen of the air are present in small 
numbers in practically all alfalfa fields. However, it was in 


1 Harding, H. A. and Wilson, J. K. Inoculation as a factor in growing 
alfalfa. N. Y. Agr. Exp. Station Bul. 300. March, 1908. 
9 ; 
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only about one-third of these fields that they were present ia 
sufficient numbers to produce an inoculation of any consider- 
able number of the young alfalfa plants. | 

An attempt to supply the germs by applying pure cultures of 
Ps. radicicola to the seed, drying and sowing, resulted in an 
almost complete failure. 

Applying soil from an old alfalfa field at the rate of 150 to 
300 pounds per acre invariably produced an abundant inocula- 
tion on these experimental plats. 

While but 15 of the 67 experimental plats produced a success- 
ful crop of alfalfa without inoculation, 48 adjacent plats where 
inoculating soil had been applied produced successful crops. 
Accordingly alfalfa growing on 33 of the 67 fields which were 
tested was changed from a failure to a success by the applica- 
tion of inoculating soil. | 


EXPERIMENTS BEGUN IN 1907. 


During the season of 1907 soil from our alfalfa field was 
furnished for 49 experiments and the attempt was made to test 
on that number of fields the need of inoculation in connection 
with alfalfa growing and the results of supplying this inocula- 
tion by means of inoculating soil. Our experience of this sea- 
son is a duplicate of that of the two preceding years in that 
mistakes were made in laying out the experiments in a number 
of fields and in other cases the necessary data could not be 
obtained after the experiments had been started. 

The attempt has been made to exclude from our calculations 
all experiments in which the plats were so located or handled 
as to render the results questionable or where the data are 
incomplete. Accordingly the present publication gives the re- 
sults from only 33 of the 49 experiments., While it is true 
that some of the 16 experiments which are not included were 

failures, others produced successful stands of alfalfa on some 
' of the plats. They have all been rejected solely: because the 
factors which produced the results could not be determined 
from the data at hand. 
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PLAN OF THE EXPERIMENTS. 


All but one of the 33 experiments here reported were laid out 
in accord with the adjoining diagram. It will be noted that 
this plan provides for a test of the 
effect of inoculation and of lime 
separately and in combination and 










No lime, no Lime, no 


etenlation Atel icin reserves one-quarter of the area 

untreated as a check, or basis for 

measuring the effect produced. 

According to this plan the lime 

No lime, Dinie and was applied along the slope of the 
inoculation inoculation 


experimental acre some days be- 
fore the sowing of the seed and 
well worked into the soil. The 
results obtained from the applica- 
tion of lime alone and in combination with inoculation will be 
presented under their appropriate headings. 

The inoculating soil was furnished from a field at this Sta- 
tion and was sown broadcast at the rate of 200 to 300 Ibs. 
' per acre just before sowing the seed. Thus the harrowing 
which covered the seed mixed it at the same time with the in- 
oculating material. The half-acre which was inoculated lay 
across the slope of the hill in such a way that any washing 
which might occur would not carry the inoculation to the other 
half of the acre. Likewise in putting in the seed it was neces- 
sary to sow and harrow the uninoculated half of the field first 
to avoid spreading the inoculation by means of the machinery. 
Considerable care is required on the part of the one who lays 
out this experiment correctly but it is far cheaper than to lose 
a seeding because neither lime nor inoculation was used or to 
apply both to a large field when one or both were not needed. 
From an acre laid out in this way any farmer can see for him- 
self just how his soil responds to these lines of treatment, and 
_ this form of experiment is strongly recommended to all who 
are beginning to grow alfalfa. | 


Down-hill side of field 
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The two valid objections to the use of soil for inoculating 
purposes are the initial cost of the soil and the danger of in- 
troducing pests. Both of these objections are successfully met 
by the above plan of experimentation. The bag of soil required 
for a half-acre can usually be obtained from a neighbor or from 
the Experiment Station and if purchased in the market may 
be had for one dollar and the cost of transportation. After such 
an experiment, in case it is found that inoculation is necessary, 
the experimental plat will furnish enough soil to inoculate a 
number of farms, if desired. Again, the amount of land which 
is originally inoculated is small and if results show that dodder 
or any other pest has been introduced the problem of combat- 
ting it is not a serious one. While it is undoubtedly true that 
pests may be distributed by soil our correspondence and obser- 
vations extending over a number of seasons have not brought to 
light a single instance where this has actually occurred. 


SUMMARY OF INOCULATION EXPERIMENTS BEGUN IN 1907. 


The results obtained from the 86 experiments which were 
properly conducted and reported are given in Table I: 


[~ Taste I.—Expreriments, Becun 1n 1907, SHowina EFFectT oF 
INOCULATING SOIL ON ALFALFA CROP. 




















Inocu- 

ser lated 

Name Post office County Township | 27 » | 2 | » 

— DQ A m 

31. Sol lag 

3. | Sa aaee eee 

ZAl|n|a)]a 

Barber, M. J...|Silver Springs| Wyoming ...|Gainesville .| + | —]| + | + 
Brigham, A. L. |Solsville..... Madison..... Faton...... +. |) chaise -f- 
Brownlie, T....;Peekskill. ...|Westchester .|Cortland...,; + | —} + | — 
Child, S. H....|Malone..:).. Franklin. ...|Malone..... +}/—|+]4+ 
Clark” W:'S...>.. |Ebornell: nce Steuben..... Hornellsville) + | — | + ] 4+ 
Crandall, 8. G.*|Andover..... Allegany....|Alfred...... se Mand) ec ieee 
Crandall, S. G..|Andover..... Allegany. ...|Andover....| + | —| + | — 
Crandall, 8. G../Andover. . ./Allegany..../Andover:...| + | — | + | — 
Dimmick, E. H.|Halcottsville.|Delaware....|/Middletown | + | — | + | — 
Emerson, Dr. H|Peconic.....'Suffolk...... Southold...| + |—|[ + ]— 
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TaBLE I1.—Continued. 


Name Post office 


— eee 


Eno, H. N....|Martville.... 
Ferrin, F. J... .|Springville... 
Gould, Jas. A..|Ensenore.... 
Hatch, L. C.../Lebanon.... 
Kane, T. C.* . .|Scio 
Kelley, G. W. .|Halcottsville. 
Lewis, A. S....|Ellenburgh... 
Lyke, J. 8.*. . .|Ithaca 
Lyon, Archie. ./Black Creek.. 
McAuley, Jas. .|Davenport... 
McCarthy, W.A.|Addison..... 
Miller, F. A... .|Earlville..... 
Niles, W. F....|Salamanca... 
Nichols, T. B.* |Frankfort.. .. 
O’Brien, A. F..|/Mooers Forks 
i063 LyB. 728. |Ceresy awksns 
Reed, H. V. D.|Amenia 
Sackett, B. H.*;Dundee..... 
Sheppard, J. W. Watkins... .. 
Sherwin, W. A.|Malone...... 
Stickle, Judson. Fillmore 
Whitmore, C. 8. Addison 
Welch. LJ, (Granville... .. 
Whitney, C. H.|Greigsville... 
White, L. J. F.t'Ceres 
Wires, Carlton.|Winthrop.... 
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ne S104 6, e 
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ee ee 
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County 


Cayuga 
HIG eee aes 
Cayuga 
Madison..... 
Allegany.... 
Delaware. . 
Clinton 
Tompkins. . . 
Allegany.... 
Delaware.... 


CCT har 


oer eee 


eee 


Cattaraugus.. 
Herkimer.... 
Clinton 
Allegany. . 
Dutchess.... 
Yates 
Schuyler.... 
Branklin. a. : 
Allegany. . 

Steuben 
Washington.. 
Livingston. . 
Allegany.... 


a a 2 6 @! 8 6 


St. Lawrence. 





Township 


1.9) 0) ew 16 love 


Concord.... 
SCIPIO. | #2 «. 
Lebanon... 
SciOuce. 


Middletown. 


Moores..... 
Vi SGa) ee 
Hudson. ... 
Davenport. . 
Tuscarora... 
Lebanon.... 
Little Valley 


“eee ee ew wee 


.|Genesee.... 


Amenisas. 


“eee ee ee ee 


Granville... 


.|Genesee.... 


ce ee eee 
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* This field was not seen by a Station representative. 
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The basis of computation in preparing this table was the same 
as that used in Bulletin 300. The presence of nodules on the 
roots was settled by direct examination; and the reports made 
by the farmers were checked by examinations made in prac- 


tically all cases by a Station representative. 


The hay actually 


produced was the basis for deciding whether a plat was a suc- 
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cess or a failure. The deciding point was not so much the 
absolute amount of hay produced, as that would vary greatly 
with different land, but was rather the feeling of the owner 
as to whether the hay produced on any plat in the second sea- 
son was sufficient to make a profitable return from the land. 
In all of these experiments except those of Messrs. Kane, 
Lyke, Nichols and Sackett and one of the experiments of 
Mr. Crandall, the fields were personally examined by a Sta- 
tion representative, usually just before time for cutting the 
hay. - . 

It will be noted that some nodules were found on plants on 
all of the check plats, with the possible exception of the two 
experiments for which this information is lacking, even though 
no inoculating soil was applied to them. ‘These experiments — 
from which data are lacking were killed out during the winter 
and before observations on this point had been recorded. This 
constant presence of a small amount of inoculation scattered 
over the check plat is in accord with the previous experiences 
recorded in Bulletin 300. It seems to be fully demonstrated 
that a small amount of inoculation is present in practically all 
fields of alfalfa but the source of this inoculation is still in 
doubt. It may be introduced by the alfalfa seed but it seems 
to be more probable that it is derived from the adaptation of 
germs which have been previously associated with some of the 
other legumes. In a considerable number of the check plats 
the amount of the inoculation was very slight indeed, showing 
only as an occasional nodule on a few plants. When present 
in such small amounts it is of no practical importance except 
as it furnishes an explanation for the frequently successful re- 
sults obtained where the growing of alfalfa was repeatedly tried 
upon the same field without intentional inoculation and finally — 
became a success. 

Inoculation was, of course, present in all of the plats to which 
inoculating soil had been applied at the rate of 200 to 300 Ibs. 
per acre; but what was really important, with the exception of 
the experiment of Dr. Emerson, this inoculation seemed to be 
present in an amount sufficient for the needs of the plant. The 


a 
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experiment with Dr. Emerson is conspicuous asthe single case 
in all of our experiments in which the soil from the Station 
alfalfa field apparently failed to produce any marked effect 
upon the inoculation of the plats. In this case the soil was 
held three months in storage in a dry place before being used 
and the germ content of the same probably suffered from exces- 
sive drying. We have learned of two similar failures where 
a bag of soil was held from one season to the next before being 
applied. 

The influence of the inoculating soil is brought out sharply 
when we consider the relative success of the plats which re- 
ceived the inoculating soil as compared with those which did 
not. Of the 36 check plats 10 produced enough hay to be con- 
sidered a success while among an equal number of adjoining 
plats to which inoculating soil had been applied 18 were suc- 
cessful. This is a somewhat higher proportion of success among 
the check plats as well as a smaller proportion of success among 
the inoculated plats than during the two preceding seasons. 
Where the numbers are so small considerable variations in the 
results are to be expected. 

It should not be inferred from these results that the effect of 
the inoculating soil is limited to the fields which were changed 
from a failure to a success. On the contrary, it produced a 
noticeable improvement in practically all fields except those 
where the proper bacteria were already present in sufficient 
numbers to meet the requirements of the plants. In some of 
the experiments which were recorded as a success without arti- 
ficial inoculation the adjoining inoculated plats produced even 
more successful crops showing that the natural inoculation was 
not up to the full requirements of the alfalfa. However, this 
latter difference probably would become less noticeable as time 
passed. 


SUMMARY OF EXPERIMENTS BEGUN IN 1905-07. 


The true situation in this State with regard to the need of 
inoculation in connection with the growing of alfalfa is best 
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seen by bringing together the results of the observations on the 
experiments begun in 1905-06-07. 


TaBLeE [I.—SuMMARY OF THE Errrect or INOCULATION ON ALFALFA. 
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This shows that among 103 experimental fields there were 
but 25 where a successful crop of alfalfa was produced without 
the aid of inoculating soil. This would indicate that under 
such circumstances the chance of a success is only about one 
in five. 

Again it is seen that 66 of the adjoining plats to which in- 
oculating soil had been applied produced successful crops of 
alfalfa. Here the use of this soil from our alfalfa field has 
increased the number of successful fields by 40 per ct. and this 
would indicate that where inoculating soil is used in connec- 
tion with the sowing of alfalfa the chance of getting a success- 
ful crop is about three out of five. From these experiments it 
would seem plain that in beginning to grow alfalfa proper in- 
oculation of the soil is a point which is worthy of the careful 
attention of any farmer in this State. 


GEOGRAPHICAL DISTRIBUTION OF INOCULATION EXPERIMENTS. 


The 36 experiments here recorded represent 20 counties and, 
taken in connection with the 67 experiments recorded in Bul- 
letin 300, give returns from one or more fields in 39 of the 61 
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counties of the State. The wide distribution of these experi- 
ments as well as the character of the results obtained from 
them is shown by Map‘I. From this it will be seen that 
they cover the State fairly except in the mountainous regions. 


Il. EFFECT OF LIME. 


It is a frequent observation among farmers that an applica- 
tion of ashes to soil results in a more vigorous growth of mem- 
bers of the clover family. This result is due partly to the 
potash and phosphates which are contained in the ashes; but 
practically the same result follows the application of the residue 
after the soluble salts have been removed from the ashes in the 
process of home soap making.- Unleached wood ashes carry 
about 600 Ibs. of lime to the ton and much of this favorable 
action of ashes upon the growth of legumes is ascribed to the 
action of the lime. 

In recent years the effect of lime applied in a variety of 
forms has been extensively studied with regard to its effects 
both on the soil and on the plants. Our interest in this con- 
nection is limited to consideration of its value in connection 
with the starting of alfalfa. Those interested in its broader 
aspects are referred to the publications on this subject by the 
various agricultural experimental stations, particularly that of 
Rhode Island. | 

Practically every recent publication on alfalfa growing has 
laid stress upon the necessity of applying lime, in many cases, 
before success can be expected with this crop; but the data upon 
which these statements are based is not given. An exception 
to this is Pennsylvania Station Bulletin 79° which states that 
“Time has not given satisfactory results. In some instances 
it has given no appreciable results; in others it has been de- 
cidedly harmful; in no case was it applied to advantage.” The 
authors of Cornell Bulletin 237° find that the situation is dif- 

2 Watson, Geo. C. Alfalfa as a forage crop in Pennsylvania. Penn. Agr. 
Exp. Station Bul. 79, September, 1906. 


’Hunt, Thos. F, Stone, J. L, Gilmore, John W. and Fraser, Samuel. 
Alfalfa. N. Y. Cornell Station Bul. 237, March, 1906. 
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ferent in this State and give the following data: “ Seventeen 
reports [of co-operative experiments] state that lime was ap- 
plied to part of the area sown to alfalfa, and part left without 
lime for comparison. Of this number ten state that the limed 
area was decidedly better than the unlimed. Six state that 
there was no benefit and one reports apparent damage. The 
marked effect of lime in the experiments conducted on some 
heavy soil of the college farm, * * * taken in conjunction 
with these results secured throughout the State, indicate that 
liming takes an important place in connection with alfalfa 
erowing in New York.” 


METHODS OF APPLYING THE LIME. 


Practically all forins of lime are used in connection with 
alfalfa and they seem to be valuable in proportion to the amount 
of available calcium which they contain. In practically all of 
these experiments stone lime was used because it could always 
be obtained and was of fairly constant composition. Likewise 
1500 Ibs. per acre was the amount arbitrarily selected for ap- 
plication as this was midway between the extreme amounts 
which are being used in practice. 

Lime is sparingly soluble and in order to get prompt returns 
from its application it seems necessary to apply it in a finely 
divided condition and to mix it intimately with the soil. The 
difficulty in application comes largely from its irritating action 
on the skin and eyes. On this account, the early morning of 
a quiet day is preferable for the work. 

Where only a small area is to be treated, as in our experi- 
ments, it is usually preferable to place the stone lime in small 
piles, throw on a little moist earth or add a little water to 
hasten slaking and, when the lime is reduced to powder, spread 
with a shovel. 

Where large lots are to be applied the lime can be readily 
slaked by sprinkling with water as it is shoveled over and can 
be applied with any machine for applying fertilizers or with a 
shovel from a wagon. ‘The difficulty with the former is that the 
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ordinary machinery will not deliver as much per acre as is 
needed and the land must be gone over at least twice; while in 
applying it from a wagon there is a marked tendency for the 
dust to be extremely irritating unless the wind is just right. 


’ 


EXPERIMENTS BEGUN IN 1905. 


In the experiments which were begun in this year for the pur- 
pose of testing the effect of inoculation the farmers were left 
largely to their own resources in the matter of testing other 
factors. 

Lime was suggested as one of the factors which it was espe- 
cially desirable to observe. Among the experimenters who used 
lime in some form in their alfalfa fields five of them so arranged 
their plats as to give dependable results, which are shown in 
Table III. 


TABLE IJJ.—ExPERIMENTS BEGUN IN 1905 SHowING THE ErrecT oF LIME 
ON ALFALFA. . 











No , 
lime] Lime 
a 
Name Post Office County Township Sg 
n g nN 
n 5 a 
8), 24.8 
Ss) a} 8 
mes ets at Pe 
M iam MN 
Carr, Geo. L....|Martville.:... Cayigaads .««% Sterling.....; — | + | + 
Clothier, H. B...|Silver Creek...|Chautauqua...|Hanover....| — | + | — 
Potter, Jas. W’. Collins: 0". Erie Aa Fe PA Collins UH, Ge. i oe, 
Tobey, E. P....|Smyrna......|Chenango..... Smyrna. ....| — | + | + 
Wilcox, Chet....|Wellsburg....|/Chemung..... Ashland. .... —|+),— 
FLLOUGIB.:, see cc Joye Leh 0k Ream aM uae iain eo Gis (1h? cca ae —5| +5) —3 
+2 











In all cases there was a noticeable improvement resulting 
from the use of lime and in two cases this improvement was 
sufficient to change a field from a failure to a success. 
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EXPERIMENTS BEGUN IN 1906. 


The uniform improvement observed from the application of 
lime in the experiments begun in 1905 led us to urge the farmers 
who were beginning the culture of alfalfa in 1906 to test the 
effect of lime. Among the experiments started this season 22 
were so conducted as to give dependable results and these re- 
sults are given in Table IV. 


TaBLE IV.—EXPERIMENTS BEGUN IN 1906 SHowING ErFrectT oF LIME ON 



































ALFALFA. 
No , 
lime Lime 
Name Postoffice | County Township ‘¢ 

gle | g 

=) el yA ees 

WM an oD) 

Bennett, B.*....|/Hornell......, Steuben. vs... Haward.....)| — | +] + 
Bennett, F.*....)/Hornell...... Steuben...... Haward.....; — | + | + 
Brown, W. H...|Vestal Center |Broome...... Vestaliged's —}+)— 
Bullis, Jas...... Cantonses 79:7: St Lawrence. .|Canton...... —/} +) + 
Porns,, Geos. .<.. Burdette. .... Schuyler ..... Hectoriaiae. +] + ]+ 
Carman, A. A...|/Barneveld....|Oneida....... Trenton..... —/;+)— 
Dow, Chas. M...|Jamestown.. .|Chautauqua ..|Randolph...| — | + | — 

Goodall, Dr. H.L.| Lake 

Kushaqua..|Franklin..... Franklin...) — | + | — 

Hammond, D...|Denver....... Delaware..... Roxbury....; — | + | — 
Hiller, H. R.....|Alexander....|Genesee...... Alexander...| — | + | — 
Hinds, O. E.....}/Watertown...|Jefferson.....|Pamelia..... —/}+}— 
Irwin, W. A.*...|Lafargeville ..|Jefferson..... Orleans. .... seecsted om Gud | amr: 
Kingsbury, C. H.|Barnard...... Monroe....... Greece 540i 4.2 —/} +] + 
ees che J An 3.4 Marathon..... Cortland « si.) Marathon... |") (+e 
Mosher, W. J....)Martville..... Cayugaret...:.». Sterling. .... ectah osm se! aka 
Northrup, Jay...|Springville..../Erie......... Concord), .% —|+]+ 
EW aid Gate 58 Atha SA eye. hs Wyoming..... Bennington. .}.— | + | — 
Pitt, MoH. 38k Cantony):.... St Lawrence ./Canton...... ae ata 
Reeves, D. F....|Steamburg....|Cattaraugus ..|Cold Spring..| — | + | — 
oleule 2 PIN ee Pliage 1. Chemung..... Eilmiraie shorn San atta z ut ear 
White, Geo...... Felmirast tn .. 3 Chemung..... Folnaina, 7 op uns —f - |S 
Williams, K. R../Earlville..... Madison...... Lebanon ....| — | + | — 
LESION gt ae 7 PS SPAM og 8 Ns SRA A A +1 /+22)+ 7 
—21!— O|—15 














* Fields not seen by a Station representative. 
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It happened that among these experiments there was but one 
where the unlimed plat made a successful growth. In each 
of the 22 experiments the use of lime resulted in a distinct gain 
to the alfalfa and in 6 experiments this improvement was so 
marked as to produce a successful crop when the adjoining un- 
limed plat was a failure. 

The lime applied in these experiments varied from 1000 to 
2C00 lbs. per acre. 


EXPERIMENTS BEGUN IN 1907. 


In this year the experimenters were generally induced to lay 
out exactly an acre according to the plan given on page 35 
and the Station paid for 750 Ibs. of stone lime to be applied 
to one-half acre. Of the experiments of this year 37 were so 
conducted that the results seemed reliable and they are given 
in Table V. 


TaBLE V.—EXPERIMENTS BEGUN IN 1907 SHowInG Errect oF LIME ON 























ALFALFA. 
No 
lime} Lime 
, mg 
Name Postoffice County Township is 
n g Dn 
g| 2 | § 
8) &| 8 
a) 4|a 
Barber, M. J....|Silver Springs |}Wyoming ....|Gainesville ..| — | + | + 
Brigham, A. L...|Solsville......|Madison...... Haton....... +/+] + 
Brownlie, Thos. .|Peekskill..... Westchester ../Cortland ....) — | — | — 
Child, S./H..)).44aMalonev:., <4 Franklin. .-... Bangor...... — Pe, le ehe 
GIGS sls see: Hornell n.. vais Steuben...... Hornellsville.| — | + | — 
*Crandall, 8. G..|/Andover..... Allegany..... Alfradass. .:., +} +] 4 
*Crandall, 8. G.. + My Andover’....| —= | 44)).— 
*Crandall, S. G.. . K Andover ....} — | + | — 
Dimmick, E. H..|Halcottsville. .}|Delaware..... Middletown..| — } + | — 
Emerson, Dr. H.|Southold.....|Suffolk....... Southold. ...} — | — | — 
EnGRGeING se, .> Martville..... CAYUSR ye «5 <1 Trae a wrens —{|+])— 
Ferrin, ods ogi Springville....|/Hrie......... Concord..... PE foe 
Gould, Jas. A....|Emsenore..... Cayuga ...... Sei pidsnasess +)/—]+ 
+1414 


Hatch, L. C.....|Lebanon ....: Madison...... Lebanon .... 
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TABLE V.—Continued. 


























No 
lime| Lime 
3 
Name Postoffice County Township ‘9 
OM aad aged 
0) Be o 
el a| 8 
= is Ss 
io rH op) 
Raa Ty Bea Crecds o%s!« Scio. vind. PAllewaADY 2).25. Scio. eer By 
Kelley, G. W.... Halcottsville. .|Delaware..... Middletown. .| + +] + 
Lewis, A. S......|Ellenburgh ...|Clinton....... Mooers......... —} +] — 
by kejJaseSe: 70 ithaca. si... Tompkins: ... (Ithaca... ... —|+)— 
Lyon, Archie....|Black Creek ..|Allegany..... Hudson..... —;};+]— 
McAuley, Jas....|Davenport ...;Delaware..... Davenport... — | + | + 
McCarthy, W. A.|Addison...... Steuben...... Tuscarora...| + | + | + 
Miller, F. A....../Earlville ..... Madison...... Lebanon....| + | —]| + 
Niles, ’W. F......|Salamanca. ... Cattaraugus ..|Little Valley.| + | +.] + 
Michols jabs hb eanktorbad <s(Herkimer oy 0. (S800 2.044 aed i ae es 
O’Brien, A. F..../Mooers Forks .|Clinton....... Moores...... —|} + ]— 
Peet eat nn TATOCINIA.. i 5 as.: Dutchess..... Amenia..... —|}+]+ 
PEVOR PLL adc dune [COTO 0. gee tta:s Allegany..... Genesee..... —| ? |— 
Sackett, B. H.*../Dundee...... SC GRGGah s ACh ein tuk is, «dees ai} ol — 
Sheppard, J. W..|Watkins...... Schuyler..... LI) ere —|+]+ 
~ Sherwin, W. A...|Malone....... Franklin. .... [Malone...... —| +] + 
Stickle, Judson. .|Fillmore......./Allegany..... Hume .iicey oot dt tees 
Thompson, F. E.|Seneca Falls ../Seneca....... Seneca...... Meee 6 le el Meat og 
Whitmore, C.S..|/Addison...... Steuben...... Addisons rey. —/|+]+ 
Were. Ly Jet 5 ..4(Gralrviller, sss Washington . ./Granville. . —|+]— 
Byviite, lO... \Ceres .:.. os so. Allegany..... Genesee..... — |} ?|— 
Whitney, C. H.../Greigsville....|Livingston..../York ....... +)|/—j|+t 
Wires, Carlton. .|Winthrop ....|St Lawrence../Stockholm...{| + | — | + 
RCE MEICE BU a AR Baa i Ok ON aD Ep ee te a +10) +27 +18 
—27\— 6/—19 
124 





* Fields not seen by Station representative. 

+ Fields sowed Aug 30 and 31. | 

It will be observed that 10 of the 37 experiments yielded 
profitable crops of hay without the addition of lime and that 
18 adjoining plats where lime was applied were profitable. 
Lime produced an improvement in growth in all but six of the 
plats where data could be obtained upon this point. In four 
experiments, in which both plats were failures, data are lacking 
as to the effect of the lime. 
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SUMMARY OF THE OBSERVATIONS ON THE EFFECT OF LIME. 


It should be remembered that in all of our experiments with 
alfalfa we have continued our observations over two seasons. 
The first winter is so severe a trial of the suitability of the 
conditions for the growth of alfalfa that observations made the 
second season are especially valuable. 

In the larger proportion of the experiments the lime was ap- 
plied at the rate of 1500 lbs. per acre. This application was 
usually in the form of stone lime which was distributed over 
the plat in small piles and allowed to slake, after which it was 
spread with a shovel and thoroughly worked into the soil some 
days before sowing the seed. 

A summary of the observations made on experiments begun 
in the seasons of 1905-06-07 is given in Table VI. 


TaBLE VI -—-SuMMARY ON Errect or LIME ON ALFALFA 





























No lime Lime 
Year Success Improvement} Success 
nae a fee + “7 
1005S Hat toa) eS ne 0 5 (05 0 2 3 
1906: aed: oy ey grat ok Vee 1 21 22 0 fi 15 
LOOT SBR tera ts pad he ee RGN 10 27 27 6* | 18 19 
Totalar ices ioe de See Pie 11 53 54 6 | 27 37 





* Data lacking for four experiments. 


From this table it is seen that the use of lime resulted in an 
improvement in 54 of the 64 fields where it was tried. In some 
fields the improvement produced was so slight that it was barely 
observable but in a large number of cases it made the difference — 
between failure and success. It will be observed that there 
were but 11 successful plats among those which had not been 
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limed. On the other hand 27 of the adjoining plats to which 
lime had been applied produced successful crops. In these 64 
experiments the application of lime alone increased the number 
of successful fields by 25 per ct. and all of the fields which were 
a success without lime were improved by its application. 

In no case did these observations show any detrimental 
effects from the lime which was used. However, it should be 
remembered that in this work the amount of lime, usually 1500 
Ibs. to the acre, was a moderate application. It is entirely 
possible that a heavier application would have had a harmful 
effect in some fields. 

While these experiments are too few and scattering to give 
an absolute measure of the conditions in any particular part of 
the State, so far as they go they show that the use of moderate 
amounts of lime brings improvement to the alfalfa crop in 
practically all cases. The relation of lime to the needs of his 
soil should be carefully tested by every farmer who is striving 
to grow alfalfa. 

The problem as to what is the most profitable amount of lime 
to apply in each particular field has not been studied in these 
experiments. Such a study would have required an accurate 
weighing of the product from each plat and means for doing 
this were lacking at a large proportion of the farms at which 
we conducted our experiments. It seems evident from our 
observations that the amount of lime which should be applied 
to obtain the maximum profitable returns differs as widely in 
different fields as do their fertilizer requirements. The prin- 
ciple having been established, as the result of careful experi- 
ments, that liming is generally profitable with alfalfa in this 
State the farmer must work out for himself the details as they 
apply to his own land, just as he does the matter of the applica- 
tion of fertilizers. 


LITMUS AS A TEST OF THE NEED OF LIME. 
_A ready means of determining the need of lime in connec- 
tion with the growing of alfalfa would be a distinct advantage; 
and from the beginning of these experiments with alfalfa each - | 
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experimenter has been furnished with sensitive litmus paper 
for testing his soil. He was directed to apply this to different 
‘parts of the experimental area and return the used pieces of 
litmus paper to us so that the kind and depth of color produced 
by contact with the soil might be compared. These observa- 
tions were supplemented in many cases by like tests of the 
fields made by a Station representative. In all but two of 
approximately 200 fields which have been thus examined the 
litmus has been turned a faint pink, indicating that there was 
present in the soil solutions an acid reaction. One of these 
exceptions was a small area in an otherwise acid-reacting field 
and this difference was ascribed by the owner to the fact that 
just at that point he had previously distributed a considerable 
amount of wood ashes. No explanation was found for the un- 
usual reaction in the other field, in which this reaction was the 
same throughout. In this particular field which did not color 
the litmus pink the application of 1500 lbs. of lime to the acre 
made a marked improvement in the quality of the alfalfa. 
Where this application was combined with inoculation it, pro- 
duced a successful crop although the check was a complete 
failure. 

The three fields where no improvement resulted from the 
application of lime are of special interest in this connection. 
All of these fields gave an acid reaction which did not seem 
to be different from that observed in the other cases. Of course 
it is possible that a heavier application of lime might have 
given good results in these cases. 

More interesting evidence in this connection was accumulated 
by testing, with litmus paper, the reaction of the plats to which 
lime had been applied, especially in those cases in which its 
application resulted in a markedly improved growth of the 
alfalfa. The reaction of the soil in such cases, after the addi- 
tion of the lime and the lapse of sufficient time, some weeks or 
months, to allow for a contact of the lime with the soil solu- 
tions, was not appreciably different, as judged by its action on 
litmus paper, from what it was on the adjoining check plats 
to which no lime had been applied. 
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While these results are too few to settle definitely the value 
of litmus paper as an indicator of the need of lime in growing 
alfalfa they indicate that little information of value can be 
obtained by an observation of its action. 


Ill. THE COMBINED INFLUENCE OF. LIME AND 
INOCULATION. 


The results already given for inoculation indicate that in our 
experimental fields the addition of inoculating soil alone in- 
creased the chance of a successful crop about 40 per ct. and 
similar tests with lime alone indicate that by its use the chance 
of success was increased 25 per ct. Where both lime and in- 
oculation were applied together it would be natural to expect 
that there would be a cumulative effect and that the chance of 
success would be increased by practically the sum of the two 
factors. 

As has already been noted this combined effect has. ordinarily 
been tested in connection with the same experimental plats 
upon which the factors were determined separately. This is 
especially true of the experiments begun in 1907 which were 
laid out according to the plan given on page 35. 

A summary of the results observed in this connection in the 
experiments begun during 1905-06-07 is given in Table VII. 


TaBLE VII.—Summary OF THE EFFrect OF INOCULATION AND 
LIME ON ALFALFA. 
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From this table it is seen that reliable data on the combined 
action of inoculation and lime has been secured from 65 experi- 
ments. In these 65 experiments only 12 of the untreated check 
plats produced a successful crop of alfalfa while on the adjoin- 
ing plats to which inoculation and lime had been applied 50 
of the plats were a success. 

Reduced to percentages this indicates that the application 
of the inoculation and lime has increased the chance of success 
from 18 per ct. on.the check plats to 77 per ct.:on the treated 
plats or an increase of 59 per ct. due to the treatment. 

The distribution of these experiments and the indicated need 
of inoculation and lime are shown on Map 2. 

The effect of the application of inoculation and of lime as 
well as the fact that there is a wide difference in the plats which 
are included in our summaries as a success is brought out in 
Plate I. This is from a photograph of the hay cut within a 
36 inch circle on each of the four plats in the experiment of 
Mr. M. J. Barber, Silver Springs, Wyoming County, N. Y. The 
hay was cut June 12, 1908, almost exactly one year after 
the seeding of the plants. In Table I, page 36, in discussing 
the effect of inoculation the check plat is given as a failure and 
the inoculated plat as a success. In Table V, page 46, the lime 
plat is given as a success while the check is again referred to 
as a failure. Finally in the summary of the combined effect of 
inoculation and of lime, this experiment is included among 
those in which the combined application of inoculation and of 
lime changed a failure to a success. These three plats on which 
the yield is so markedly different are all rated as successes be- 
cause in all cases the plats produced a yield which made a fair 
return from the land. 

Plate II shows the effect of inoculation and liming upon the 
relative development of weeds and hay. These samples were 
cut on similar 36-inch circles on the plats in the experiment of 
James McCauley, Davenport, Delaware County. 
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CONCLUSIONS. 


In considering the practical bearing of these results the fact 
must be constantly borne in mind that while the land upon 
which these experiments was conducted has been selected by the 
farmers, they have been urged to select land which was well 
drained and of a fair degree of fertility and to exercise great 
care in freeing the land from weeds before sowing the alfalfa. 
They were also urged to send samples of their seed: to the Sta- 
tion for examination for dodder, trefoil and injurious weeds. 

In view of the uniform character of the results of our experi- 
ments there can be no doubt but that, when the above conditions 
are observed, the natural lack of inoculation and of lime in 
the fields of this State is responsible for the larger part of the 
difficulty which has been experienced in the establishment of 
alfalfa. | 

Of: these two the lack of lime is the more common, since prac- 
tically all fields respond to its application. However, the lack 
of inoculation is more often the controlling factor and the ap- 
plication of soil changed about twice as many fields from a 
failure to a success as did the application of lime. 

It should be kept in mind that when sufficient inoculation is 
already present in a field the addition of more is without any 
apparent effect upon the crop. When sufficient inoculation is 
not present the application of 150 to 500 Ibs. of soil from an 
alfalfa field in which the plants are well provided with nodules 
will supply the necessary bacteria. . 

The application of inoculation or of lime will insure a crop 
of alfalfa only in so far as those are the only things which are 
lacking in that particular field. Good results can not be ex- 
pected unless the land is well drained, of a reasonable degree 
of fertility and is so prepared for the crop-as to destroy the 
maximum number of weed seeds and properly fit the land for 
the seed. When, in addition to these things, the seed is good 
and free from dodder and objectionable weed seeds, the farmer 
is ready to test the need of inoculation and of lime on the 
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particular field where he later hopes to produce alfalfa in large 
quantities. : 

The quickest and most economical method of finding the need 
of his soil with regard to inoculation and lime is to restrict his 
sowing to a single acre and lay out his acre according to the 

outline given on page 35. 

When the farmer has determined the things needed by his 
soil in order to grow alfalfa successfully he can sow a con- 
siderable acreage and be reasonably sure of getting a successful 
crop. 


MILKING MACHINES: 


EFFECT OF METHOD OF HANDLING ON THE GERM 
CONTENT) OF) MILK. 


H. A. HARDING, J. K. WILSON AND G. A. SMITH. 


SUMMARY. 


1. In this study the machines were operated in the Station 
stable and the general management of this was intentionally 
made to correspond closely to that of the better dairies supply- 
ing the city milk trade. No attempt was made here to copy 
the conditions surrounding the production of “ certified ” milk, 
but it is the intention to study these conditions later. 

2. The Globe milking machine, as tested in our stable, was 
highly unsatisfactory. It did not remove ail of the milk which 
_ the cows were prepared to give and it highly contaminated 
the milk as drawn. 

3. The Burrell-Lawrence-Kennedy machines which have 
been tested were more successful. They appeared to remove 
practically all of the milk which the cows would give. An ac- 
curate comparison of the yield by machine and by hand milk- 
ing is now in progress. The effects of the long continued use 
of the machine upon the cows and their value as time-saving 
elements are also being observed but as yet we are not able to 
give any definite conclusions. 


*The study of milking machines is done through the co-operation of 
the Dairy and Bacteriological departments and in the investigation one 
of us (H) assisted in the planning of the work and in putting the 
results into literary form, another (W) was responsible for the bacterio- 
logical samples and the analytical work in connection with them while 
the other (S$) had charge of the dairy and of the operation of the milk- 
ing machines. 

*A reprint of Bulletin No. 317. 
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4. The immersion of the teat cups and the rubber parts of 
the milking machine in a to per ct. solution of salt (NaCl) 
between milkings is important. This treatment reduced the 
average germ content of the milk from over 180,000 germs 
per cc. to less than 20,000 per cc. 

5. The air filters were also important in proportion as they 
removed the germ-laden dust from the air which enters the 
pail during the milking process. On the later types of Burrell- 
Lawrence-Kennedy machines these filters were large enough 
to be quite efficient and the germ content of the milk, when the 
tubes had been held in brine and the filter cups had been prop- 
erly filled with cotton, was almost always markedly below 
10,000 per Cc. 

6. Dropping the teat cups on the floor during the milking 
process or any gross carelessness in handling the machine 
caused a surprising rise in the germ content of the milk. Oc- 
casionally very high counts were obtained when no definite 
cause could be found. Additional study is necessary before all 
of the important factors which influence the germ content of 
machine-drawn milk are understood. 

7. These results do not demonstrate that the milking ma- 
chine is a success because they cover only one of a number of 
important points in connection with the ust of such machines. 
They do indicate that when machines of the better type are 
run properly they will deliver milk with a very low germ 
content. | 

8. At present the greatest difficulty in connection with the 
milking machine is to obtain the kind of man who will so 
operate the present machine as to obtain its maximum of 
efficiency and cleanliness. ‘ 
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INTRODUCTION 


One of the most important factors retarding the proper 
development of dairying is the difficulty of getting milkers who 
can be depended upon to do their work satisfactorily. The 
size of the dairy, except in rare instances, is restricted to the 
number of cows which the owner can attend to at such times 
as his help fails him. The last census shows that in the State 
of New York, on farms where 40 per ct. or more of the income 
is derived from the sale of dairy products, there is an average 
of less than 14 cows per farm. Moreover, nearly one-third 
of the cows in this State are on farms not included in the 
above class and on these farms the average is less than 5 cows | 
per farm. 

If the question of milking the cows without being so depend- 
ent upon hired help could be satisfactorily solved, the number 
of cows kept on dairy farms would increase up to the limit 
of the ability of the acreage to feed the animals economically. 
Instead of an average of 14 per farm the average would be 
more than double that number. Dairying would then become 
a business on such farms, to be carefully studied and run on 
business lines, instead of being a minor matter to be little 
studied and less understood, as is now too often the case. 

Because of the immense economic importance of this question 
of milking a keen interest has arisen in the milking machines 
which have been put upon the market during recent years. 
Inquiries concerning them have been constantly coming to this 
Station and satisfactory answers to these questions could not 
be given until these machines had been studied. Early in 1906 
a Globe milking machine was installed in the Station barn. 
Owing to the withdrawal of this machine from the market in 
the winter of 1906 the Globe machine was replaced in the 
spring of 1907 by a Burrell-Lawrence-Kennedy cow milker 
which is being studied at the present time. During the past 
two years this latter machine has been undergoing rapid im- 
provement and many statements which were made regarding 
the earlier types of this machine are not true of the machine 
which is now upon the market, 
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The first and most natural question, as to whether the milk- 
Ing machine will actually milk cows, is readily answered in 
the affirmative. Other questions relate to the effect of the 
continuous use of ‘the machine on the cow, to its effect upon 
the quality of the milk produced and to its economy. The cor- 
rect answers to these latter questions are not so easily ob- 
tained. : 

The question of the effect of the milking machine on the 
cow is an especially complicated one and although it has been 
studied already for more than three years, satisfactory data for 
its solution are not yet at hand. So far as the observations 
have gone it seems that when the vacuum with which the 
machine is operated is not excessive and the teat cups are so 
selected as to fit the teats properly the yield is probably as 
large as would be obtained by the ordinary hand milking. 
However, there is at present no basis, aside from experience, 
for determining what is the correct amount of vacuum. Again, 
‘in fitting the teat cups constant care is essential, as the size 
of the cup required by a given teat may vary at different 
periods of lactation. Recent mechanical changes in the ma- 
chine appear to have further increased its ability to milk cows 
successfully. The study of the question of the effect of the 
milking machine upon milk secretion is being continued and 
it is hoped that a more accurate measure of its effect may be 
later obtained. Whether one man can milk more cows with 
one or two ‘machines than he can by hand is also being ob- 
served. 

The effect of the machine on the quality of the milk can be 
measured by the germ content of the milk and, as might 
naturally be expected, the effect depends largely upon the way 
in which the machine is manipulated. This publication deals 
with the influence which variations in the construction of the 
machine and in the manner of its manipulation have upon the 
germ content of the milk. It is hoped that a knowledge of 
these relations may guide the users of milking machines in 
producing a more desirable quality of milk and in producing 
it at a lower cost. 
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It should be clearly understood that in these studies of the 
action of milking machines the effort was made to run the 
machines in accordance with the directions of the manufac- 
turers except in so far as it was necessary to vary the condi- 
tions in testing specific factors. The barn conditions were 
inade to approximate as closely as possible those of a good 
farm dairy. There seems to be no reason why any dairy which 
is prepared to carry out the directions of the manufacturers 
may not confidently expect to reproduce the results here given 
provided the same care is exercised. As will be shown in de- 
tail, the quaiity of the milk produced by the milking machine 
depends almost entirely upon the exercise of intelligent care 
in operating it. 

The surprisingly low germ contents recorded in connection 
with these studies under ordinary barn conditions indicate 
that when its operation is fully understood the milking ma- 
chine may become an important factor in the production of 
“certified ” milk, where great stress is laid upon producing a 
milk with a low germ content. It is the intention later to 
bring our barn to a condition comparable to that under which 
certified milk is being produced and observe the effect of this 
change on the product of the milking machine, 
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PREVIOUS STUDIES OF MILKING MACHINES 


The earliest available study of the effect of a milking machine 
upon the germ content of the milk is that by Harrison.t. In a 
dairy in which part of the cows were milked by hand and the 
others by the Thistle milking machine he repeatedly deter- 
mined the germ content of the milk obtained in each way. An 
average of 24 such examinations of the product of the milking 
machine gave 150,900 germs per cc. while 17 tests of the milk 
drawn by hand gave 11,000 germs per cc. Likewise the keep- 
ing quality of the machine-drawn product was markedly in- 
ferior to that of the milk drawn by hand. In this machine 
there were no air filters and the rubber parts were scrubbed 
daily and kept in cold water between milkings. 

Erf* traced the history. of the development of the milking 
machines and discussed the action of the Burrell-Lawrence- 
Kennedy machine which he had under observation for some 
months. 

Stocking,® in 1905, studied the Burrell-Lawrence-Kennedy 
machine as it was being used in two dairies. In both cases 
he contrasted the resulting germ content in the milk with that 
obtained when milk was drawn by hand. The unsatisfactory 
character of hand milking as a basis for comparison in such 
studies is shown by the fact that in one dairy the average © 
results obtained by hand milking in different experiments 
varied from 48,125 to 786,382 per cc. and the other dairy from 
997 to 11,712 per ce. 

The most important point brought out in this study was the 
favorable effect on the resulting germ content of the milk when 
the rubber parts were kept between milkings in a solution of 


‘Harrison, F. C. Machine-drawn milk versus hand-drawn milk. Cent. 
f- Bakt. II Abt. 5: 183-189. 1899. 

*Erf, O. Milking machines. Kan. Agr. Exp. Sta. Bul. 140. Oct. 1906. 

*Stocking, W. A., Jr. The milking machine as a factor in dairying. 
II Bacteriological studies of a milking machine. U. S. Dept. of Agr. 
Dae Le Bul, 92," Jan’ 1907. 
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common salt (NaCl). ‘This improvement in the manner of 
keeping the rubber parts was the first step toward the produc- 
tion of milk of an acceptable quality and marks the beginning 
of the real solution of the problem of a sanitary milking ma- 
chine. . 

The suggestion of this idea was due to some earlier observa- 
tions of Mr. D. H. Burrell* on the preserving effect of salt solu- 
tion coupled with the common knowledge of its antiseptic ac- 
tion on putrescible substances. The accurate determination of 
the prime sanitary importance of salt solutions in connection 
with a milking machine is unquestionably due to Prof. 
Stocking. | 

When care was exercised in connection with the machines 
he found it was not difficult to produce milk at the first dairy 
which was of lower germ content than that produced by hand 
milking. On the other hand it was difficult to accomplish this 
at the other dairy on account of the unusually low germ con- 
tent of the milk drawn by hand. The air filters had not been 
added to the machines at the date of this study. 

Stocking and Mason’ reported additional results from a 
study of the Burrell-Lawrence-Kennedy machine. ‘They tested 
the efficiency of lime water and of solutions of borax, of for- 
malin and of salt as a means of keeping the rubber parts in a 
satisfactory sanitary condition. With the exception of the 
tests where the rubber parts were kept in a formalin solution 
the results with the machines were not as good as those ob- 
tained at the same time by hand milking. During the progress 
of these studies the air filters were added to the machines but 
they were not then as efficient as the forms which were later 
devised. 

The use of a cotton filter in connection with the milking 
machine was originally suggested by Mr. Loomis Burrell 
as a means of preventing the rise of moisture into the 
vacuum pipes and its return at the time the vacuum was 


‘From correspondence with Mr. Loomis Burrell. 

‘Stocking, W. A., Jr. and Mason, C. J. Milking machines. Part I. 
Effect upon quality of milk. Stoors Agr. Exp. Station Bul. 47. May 
1907. Also Storrs Ann. Report, 19: 105-129. 1907. 


New YorK AGRICULTURAL EXPERIMENT STATION. 63 


broken at the close of the milking. In the earlier form of 
machine the introduction of material from this source was so 
great that at times the milk was noticeably colored with iron 
rust. The work of Prof. Stocking pointed out that this was 
also an important source of bacterial contamination and the 
main suction filter was an immediate result. The relief filters 
for the purpose of removing the germs from the air before it 
entered the machine came later as a logical extension of the 
Same idea. , 

The introduction of these filters, which removed the germs 
from the inflowing air in proportion to their efficiency, was 
the second important step in the development of the sanitary 
milkizg machine. Later progress has consisted mainly in per- 
fecting the ideas embodied in the application of the salt solu- 
tion and the cotton filter. , 

Hastings and Hoffman® studied the germ content of milk 
obtained with the Burrell-Lawrence-Kennedy machine and con- 
trasted it with the milk drawn by hand from other cows. This 
milk was drawn by hand into a 12-inch pail. The rubber parts 
of the milking machine were kept in lime water. The resulting 
numbers showed rather wide fluctuation in the germ content 
with both methods but on the whole were rather in favor of the 
machine. The keeping quality of the milk obfained was not 
influenced by the manner of milking. Woll and Humphrey’ 
made careful tests of the same machine for twenty months with 
twenty-nine cows to determine its efficiency, economy and in- 
fluence as used experimentally and by practical dairymen in 
Wisconsin. They concluded that “the success of the milking 
machine will depend largely upon the man operating the ma- 
chine and on his attitude toward milking machines. If the 
machine is given a fair trial and the directions of the manu- 
facturers are carefully followed the machine milking will, as a 
general rule, be a success, at least to the extent of approximat- 


° Hastings, E. G.. and Hoffman, C. Bacteria] content of machine-drawn 
and hand-drawn milk. Wis. Agr. Exp. Sta. Ann. Rept. 24: 213-222. 1907. 
See also Centbl. Bakt. wu. Par., IT, 22: 222-231. 1908. 

*Woll, F. W., and Humphrey, G. C. Milking machine experiments. Wis. 
Agr. Exp. Station Bul. 173. Feb. 1909. 
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ing the results obtained by good hand-milkers and perhaps even 
improving upon those secured by general farm help.” 

Mairs® directed his attention principally to the mechanical 
side of the milking machine and to the effect upon the cows. 
However, he compared the flavor of the milk, after the lapse 
of some days, when drawn by the machine and when drawn by 
hand. He did not observe any difference in the flavor or keep- 
ing quality of these two classes of milk. 

The bacterial side of the question was studied by Meek.® 
The average germ content of a large number of samples from 
individual cows milked with the machine was 47,860. per ce. 
while a large number of composite samples from four or five 
cows averaged 83,143 per cc. Milk drawn by hand under com- 
parable barn conditions averaged from one-third to one-half 
of the above numbers. 

Haecker and Little’? gave the results of two years of observa- 
tion of the workings of a Burrell-Lawrence-Kennedy machine. 
A large part of their publication is devoted to a discussion of 
the cost of installation and of maintenance and of the effect 
of the machine upon the flow of milk. However, several 
comparisons are given of the germ content of the machine 
and the hand-drawn milk, when the machine was cleaned in 
different ways. Cotton filters were used and the rubber parts 
were kept in lime water at least a portion of the time. The 
results obtained with the milking machine did not compare 
favorably with those from the hand milking except when the 
labor expended in cleaning the machine was such as to make 
the milking machine of doubtful economy in practice. 

Price" studied the Burrell-Lawrence-Kennedy machine for 
18 months as it was used under ordinary conditions. His at- 


SMairs, T. I. Test of a mechanical cow milker. Penn. Agr. Exp. Sta. 
Bul. 85. Jan. 1908. 

°Meek, E. B. Bacterial efficiency of the milking machine. Penn. State 
Col. Ann. Rep. 1907-8. P. 146-159. 

~Haecker, A. L., and Little, E. M. Milking machines. Neb. Agr. Exp. 
Sta. Bul. 108.” Dec. 1908: 

“Price, J. N. Home grown rations in economical production of milk 
and butter. Tenn. Agr. Exp. Sta. Bul. 80. Jan. 1908. 
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tention was principally directed to the effect of the machine 
upon the milk flow. He found that this was not markedly 
affected. He also stated that a high grade of milk was secured 
but did not give the conditions under which it was secured nor 
the data upon which his judgment of its quality was based. 


STUDIES AT THIS STATION 


MACHINES USED 

The Globe cow milker (Plate III, fig. 1), which was first 
tested. was made by the Rockhill Foundry Co., at Roanoke, Va. 
The machine was exhibited at the New York State Dairymen’s 
Association meeting in Binghamton in December, 1905, and at 
the Syracuse meeting of the New York State Breeders’ Associa- 
tion in January, 1906. It was installed in the Station barn in 
March, 1906, and used somewhat irregularly until near the end 
of the year. The irregularity of operation was due to the fact 
that the vacuum pump and other accessories frequently got 
out of order. 

This machine was not a success. Aside from the mechanical 
defects above referred to there were several cows which it did 
not milk in a satisfactory manner, in some cases failing to 
remove from the udder more than one-half of the milk. As 
will be seen later the quality of the milk delivered by this 
machine when it was run according to the directions of its 
makers was extremely poor. Moreover the extra labor required 
to care for the machine more than offset the time saved in the 
milking process. 

In 1907 the Burrell-Lawrence-Kennedy cow milker (Plate ITT, 
fig. 2), manufactured by D. H. Burrell & Co., at Little Falls, 
N. Y., was installed and has been studied from that date to 
the present time. The principles of operation of this and the 
Globe machine are quite similar. In each the actual milking 
is accomplished by producing a vacuum at the end of the teat. 
A rigid teat eup with a soft collapsible upper edge for pre- 
venting the entrance of air surrounds and gently supports 
the teat and receives the milk which flows from the teat. The 
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four cups which are applied to each cow are connected by 
short rubber tubes to the teat cup connector, as shown in 
detail for the Burrell-Lawrence-Kennedy machine (Plate IV, 
fig. 2), and a larger tube conducts the milk from this to the 
pail. Two cows are connected to a single pail. The vacuum 
is furnished by a large pump and its application to the udder 
is made intermittent by a mechanical device, the pulsator 
piston, which is placed at the top of the pail. | 

In using the machine the vacuum is applied to the teats 40 
to 60 times per minute. After each application air is allowed 
to enter the teat cup, the curtain at its upper end relaxes and 
the teat fills with milk. Up to March, 1909, this air was sup- 
plied through relief openings at the end of the teat cup con- 
nectors and through an opening on the pulsator head (Plate 
IV, fig. 2). The machine used after this date had no relief 
openings on the pulsator head. 

During the past two and one-half years the Burrell-Law- 
rence-Kennedy machine has undergone numerous improvements 
at the hands of its makers. It has been necessary to test the 
influence of the more important of these changes so that our 
final results would represent the machines actually upon the 
market. While the milking machine will undoubtedly con- 
tinue to be improved it is believed that the principles of man- 
agement here outlined will continue to apply. 


TECHNIQUE 


A statement of the conditions under which the tests were 
conducted is necessary to a comprehension of the results and 
is here presented. The barn conditions were made to approxi- 
mate as closely as possible those of a good farm dairy and as 
has already been noted the machine was run in accordance with 
the directions of the manufacturers except in so far as it was 
necessary to vary the conditions in testing the individual fac- 
tors. These variations will be noted in connection with the 
experiments where they occurred. 

Stable conditions.— There are approximately 5 sq. ft. of win- 
dow surface and 370 cu. ft. of air space for each cow, addi- 
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tional air being supplied by the King system of ventilation. 
The ceiling and walls are smooth and of matched lumber, the 
lower 42 inches of the walls being surfaced with galvanized 
iron. The mangers and floors are of cement but the cows stand 
on wooden platforms and are bedded with sawdust. They were 
in Drown stalls, an arrangement which is not highly satisfac-_ 
tory for the operation of the milking machine on account of the 
latitude for movement allowed the animals. 

Feeding.— The grain is fed before milking with an interval 
of about 10 minutes in the morning and 30 minutes in the even- 
ing, the hay at noon and the silage after the milking at night 
and morning. 

Care of the cows.— The cows are curried thoroughly with 
comb and brush each forenoon, particular attention being given 
to their sides, flanks and udders. Twenty \to thirty minutes 
before milking in the morning they are brushed with a broom 
and about thirty minutes before milking at night they are gone 
over lightly with comb and brush. The udders were not clipped 
except that on some cows the long hairs which were pulled by 
the teat cups were removed. 

Method of cleaning machines.— The Globe machine, before 
noon each day, was scrubbed with bristle brushes in a sal soda 
solution and rinsed in cold water. The metal parts were sub- 
jected to flowing steam for 5 to 8 minutes. After milking at 
night it was rinsed in cold water, then in a solution of sal soda 
and hot water and again rinsed in cold ‘water. These rinsing 
solutions were drawn through the rubber parts by means of 
the vacuum pump. | . | 

The Burrell-Lawrence-Kennedy is rinsed after milking in the 
same way as the Globe machine but instead of the daily scrub- 
bing the rubber parts and the teat cups are immersed. in a 10 
per ct. salt solution between milkings. All the metal parts 
except the teat cups are washed and with the exception of 
the pulsator piston are thoroughly steamed daily and once a 
week the rubber parts and teat cups are also scrubbed in a sal 
soda solution. 
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Salt solution.— The brine solution in which the tubes and 
teat cups are held between milkings contains approximately 
one part of salt to ten parts of water, the salt solution being 
renewed each week. About 50 quarts are needed to immerse 
the parts necessary for a dairy of 26 cows. Before being used 
these rubber parts and teat cups are rinsed with water to re- 
move the salt. . 

Sampling.— The Globe machine delivered the milk of two 
cows into a Single pail and the samples were taken from this 
mixed ‘product as it was being emptied. (See Plate III, fig. 1.) 
Samples of hand-drawn milk were made comparable with those 
from the machine by mixing the product of two cows which 
had been milked into a 13-inch open pail. The Burrell-Law- 
rence-Kkennedy machine delivers the milk of each cow separately 
and samples were taken from the milk of each cow as it was 
being poured from the milking machine. (Plate IV, fig. 1.) 
Unless otherwise stated the samples were taken . from the 
product of the first paix of cows at each milking. 

The details of the handling of the machines and the general 
barn management were under the personal supervision of one 
of us (S), who was present during the experimental runs of 
the machine in practically all cases. The samples for bacteri- 
ological examination were all taken personally by another of 
us (W) and full notes made as to the actual conditions under 
which the tests were made. 

Plating and incubation— The samples were taken to the 
laboratory and the plating completed within an hour. The 
medium used was as follows: 


Agar 15 grams 
Peptone (Witte) 10 grams 
Lactose, ¢. p. 10 grams 
. Beef extract (Liebig) 5 grams 
. NaCl 5 grams 
Water (distilled) 1000 grams 


The reaction was adjusted to 1.5 per ct. normal acid to 
phenolphthalein. This medium was chosen so that the plates 
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could be held long enough for the lactic acid colonies to de- 
velop. On account of the great fluctuation in germ content 
four dilutions were made from each sample drawn by hand 
and by the Globe machine. Only three dilutions, plated in 
duplicate, were made from the product of the Burrell-Lawrence- 
Kennedy machine. All of the plates were held for 5 days at 
23° C. and counted under a lens magnifying four diameters. 

In the work with the Globe machine duplicate plates were 
prepared on standard lactose gelatin but the making of these 
plates was not continued since the development of liquefying 
colonies prevented an incubation sufficiently long to allow for 
a’ growth of all the acid forms. 


PROBLEMS STUDIED 

While it is true that each step in the handling of a milking 
machine has an important bearing upon the quality of the milk 
produced, there are certain steps which are of maximum im- 
portance. In the years during which the milking machine has 
been under observation the aim has been to find the critical 
points where attention to details would bring the maximum re- 
turns for the minimum amount of effort on the part of the 
dairymen. The fact had been constantly kept in mind that it 
is the aim of the progressive dairyman to produce clean milk 
and to produce it with a minimum expenditure of labor. 

There is no question but that the point where the average 
user of a milking machine can make the maximum improvement 
at the minimum cost is by a careful attention to the keeping 
of the rubber parts in a solution of salt or some similar 
substance. 

Conditions where brine is not used.— The determining factor 
which has hindered the progress of the earlier types of milking 
machines was the inability to secure milk of a proper keeping 
quality. Harrison’ in his study of the Thistle milking machine 
found that the keeping quality of the machine-drawn milk was 
much inferior to that of milk drawn by hand. He also found 
that the germ content of the machine-drawn milk was about 


2See footnote ]. 
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fifteen times as great as that of milk drawn by hand under 
comparable barn conditions. 

Since the bacteria are directly responsible for the ordinary 
changes in milk and their numbers can be determined with a 
fair degree of ease and accuracy, we have used the numbers 
present as a convenient measure of the quality of the milk. 
While not perfect, this is at present the most satisfactory avail- 
able measure, with fresh milk, of the sanitary conditions which 
have surrounded its production. 


Our results with the Globe milking machine give the germ 
content of the milk where the machine was carefully washed 
each day but the rubber parts were not kept in brine. In this 
test four cows were selected and at each milking two were 
milked by hand and two with the machine. Each pair of cows 
was milked alternately by hand and by the machine so that the 
conditions of hand and machine milking were made as nearly 
alike as possible. Composite samples representing the milk 
of two cows were examined in each case. A representative por- 
tion of these results is shown in Table I. 


TABLE I.— COMPARATIVE GERM CONTENT OF MILK DRAWN BY GLOBE 
MACHINE AND By HAND. 

















Germs per cc. Germs per cc. 
in milk: * in mee 
1906. Cow. Machine drawn. 1906. Hand drawn. 
A. M. P. M. A. M. P. M. 
Aug 20 sh ep eel 1&2 680 , 000 349,750 Aug. 24... 9 520. hae eee 
ES Vepoie See BTA 3 & 4 625, 500 762,000 Se we cae 1571507) See ee 
eprole ae. Ufc 24 835 ,000 770,500 SAM ZO An are ta DOU 5,800 
ce A a a ea 3 & 4 718,500 452,500 spi vie: 58 , 000 16,100 
(op Oo ORerE felt 1S 962 ,000 675,500 iO Giee 11,050 10,870 
Py hint Ree 3&4 593 ,500 |1,700,500 es” pele of 17/7350 20 ,330 
CeQ8 ue ae 1a? 864 ,000 639 , 600 fe AST 74,000 2,250 
hE ENS ve E 3&4 585,000 |1,113,500 Bid aby. 43 ,000 6,400 
OE rT dot ti whe Der Oui tte be Ree 748,500 C20 Aa ee a ae 6,650 
Sf Sep RE le 3 Ot 4 hie, Gaeeaee 798,500 66 A, ae St ce ees 3,620 
Se Oe Chek 3 Dee 2 SID AHOOMP Meee nereeed PPO Re 8,500 5,600 
iy DLE SM 3&4 yar LONGO | Ves eat” ee ie tae 13 ,120 5,550 
AVCTALS a bin/sh ncieee eae a 653 , 300 731,785 Average. . 24,969 | 8,317 
Geniave hse se ERR ak 692,542 Gen. av.. 16 , 643 


*Not in average. 
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The above table shows that the machine milk contained 
about 43 times as many bacteria as that drawn by hand. 


It is also interesting to observe that under these conditions 
the simple rinsing which the machine received after the even- 


ing milking was practically as efficient as the laborious wash- 
ing and steaming which were given it after the morning 
milking. 

It will be noted that the germ content of the hand-drawn 
milk in the morning is more than three times as great as that 
obtained at night. This is undoubtedly due to the superficial 
manner in which the cows were cleaned and to the dust in the 
air as the result of their being cleaned and fed immediately 
before milking in the morning as was explained under the 
heading of technique. 

There is no known, reason for the extremely high numbers 
found in the hand-drawn milk on the morning of August 25. 
Since it was so out of keeping with the other results it was 
given in the table but not included in the averages. 

The data in the above table were restricted to the period 
including August 20 to 30 since it was during this time that 
samples were taken both morning ‘and evening and the experi- 
mental conditions for accurate comparative work were at their 
best. During the study of this question with the Globe ma- 
chine there were examined 39 samples of machine-drawn milk 
having an average germ content of 81,100 per cc. and 36 sam- 
ples of hand-drawn milk with an average content of 16,800 
per cc. 7 , 

In these studies with the Globe machine the results obtained 


from its use were contrasted with those obtained by milking 
by hand into a 13-inch open pail under comparable barn con- 


ditions. It soon became evident that as a basis of comparison 
the results obtained with an open pail were of little use. This 
was partly because there was little constancy in the results 
obtained with an open pail ‘and largely because the factors 
which govern the results obtained by the two methods of milk- 
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ing are entirely different. With the open pail.the germ con- 
tent depends mainly on the degree of cleanliness of the indi- 
vidual cow while with the milking machine the results turn 
mainly on the germ content of the rubber tubes through which 
the miik is conducted. 

From this point the comparison between the results obtained 
from hand and machine milking was discontinued and the 
study was directed toward the influence of variations in hand- 
ling the machine upon the germ content of the resulting milk. 
Parallel with this study of the effect of variations in handling 
upon the product of the milking machine a study is being made 
of the influence of various factors upon the germ content of 
hand-drawn milk. It is evident that the production of milk 
with a low germ content will be accompanied by an increased 
cost of production. When both of these methods of milking 
are reduced to standard conditions a comparison of the cost 
of production of milk of approximately the same germ content 
by each method will be of decided economic interest. 

In the preceding work the examination of the effect of the 
Globe machine was restricted to the first pair of cows to which 
the machine was applied at each milking. This was done to 
avoid the influence of accidental contamination of the machine 
in milking other cows. 

The marked increase in germ content which the milk received 
in passing through the machine suggested that the machine 
in turn might be partially cleaned by being used in the milking 
process. This point was determined by examining the milk of 
three successive pairs of cows which were milked by the same 
Globe machine. The results of these examinations are given in 
Table II. 
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TABLE II.— GERM CONTENT WITH SUCCESSIVE PAIRS OF Cows MILKED BY 
GLOBE MACHINE. 


Germs per cc. in milk from different cows. 











SIAL BOO eb re hae eo oF 
First pair. | Second pair. | Third pair. 

WIG Sag S 9 ae Sie Aa MIRE Bec Me a gs oe, Oe 38,920 PAT alas?) 17,500 
‘ EE Merete NEMS At clea TSR 2 oy cle Ma ie aa et 66,870 48 ,330 34,600 
0 pnesteeterogiok Anime Aika Spa a sft OMe as) 2 70 ,000 47 ,870 41,000 
Gree eet eo tee Neh Saas Sranshahnihons Seats 83 , 000 41,850 17 ,520 
Re te he are aha. LETS MINES? oh 78,750 46, 960 “19,150 
4 IN ey oto CRS OS, See eee ee |e 54,200 29,600 14,970 
PRS Ss da Fey, Bemis ee" Rint lee ae ates 1s ee 65,000 28 , 830 *69 ,660 
‘ Ee Re A eclo tS ese) ah oc iotatavote where ofe43 20 , 330 19,660 3,500 
; Lt OPER ACM OR TIE FT. SRS | Nakare aig wee chal 22 ,330 12,000 10,330 
Co ee he tt RA cca) Aon eel a ance | boa tt alee 10,830 10,830 21,061 
SMITA RAR LUA WOPe 2) deporte LASS seer: 11);.830 12,500 5,330 
PAV OLALEL APP eres thee Ch Ee SLE). ee 47 ,460 29,633 23 ,156 





*Teat cups kicked off and pulled from connector. 
*Teat cups fell on the floor just before last cows were milked. 


In practically all of the above tests, except those in which 
accidents occurred to the machines during the milking, there 
was a progressive reduction in the amount of contamination 
which passed into the milk of successive pairs of cows. This 
brings out clearly the fact that the scrubbing and steaming to 
which the machine was subjected each day was not sufficient 
to keep the rubber parts in a sanitary condition. Even after 
having milked six cows the machines were not sufficiently clean 
to deliver milk of a satisfactory quality. 

The Globe machine when handled in accordance with the 
direction of its makers was a failure, not only because it did 
not milk the cows in a satisfactory manner, but also because 
it so highly contaminated the milk. This latter fact is shown 
very clearly by the foregoing data on the bacterial content 
but it was quite as evident in the keeping quality of the milk 
and in its quality when used for cheese making.** During the 


% Harding, H. A., and Prucha, M. J. The bacterial flora of cheddar 
cheese. N. Y. Agr. Exp. Sta. Tech. Bul. 8, p. 162. 1908. 
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warmer portion of the year it was difficult to keep the milk 
sufficiently sweet to pass through a centrifugal separator after 
48 hours even when held in cold running water. 

Influence of salt brine-——'The makers of the Burrell-Law- 
rence-Kennedy machine directed that the teat cups and the 
rubber parts be immersed in a 10 per ct. Salt solution between 
milkings. With this machine the milk from each cow was kept 
separate and samples were taken accordingly. The machine- 
drawn milk from two cows was sampled March 6—20 inclusive 
when the teat cups and rubber parts were kept in brine be- 
tween milkings. Once each week they were scrubbed in a sal- 
soda solution before being returned to the salt solution. From 
March 21 to the close of the test the entire machine was care- 
fully cleaned each day but no part of it was placed in the salt 
solution. The results of the bacteriological examinations are 
given in Table III. 
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It will be seen from the table that when the salt solution 
was used the germ content of the milk, while fluctuating con- 
siderably, had an average germ content of approximately 17,000 
per cc., omitting from the average the single very high number 
found on March 9. : 

. After the rubber parts had been.24 days out of the brine 
and had time to become a fair illustration of tubes handled 
in this way the series of examinations, April 14-24, gave an 
average of 188,380 per cc. This was approximately ten times 
the germ content found with the same machine when the salt 
solution was used. 

As the very nature of the influence which was being measured 
prevented a close comparison of the tubes kept in and out 
of the brine it was the intention to test the effect of the ma- 
chine shortly after the teat cups 1and rubber parts had been 
again placed in the salt solution. Unfortunately, in connection 
with this change, the cotton filters, to be later described, were 
also inserted in the machine. In 20 tests of the milk which 
were made between April 27 and May 1 the average germ 
content was 2600 per ce. While filters were responsible for 
a portion of this reduction the major part of it was undoubt- 
edly due to the action of the salt solution. The relative im- 
portance of these two factors, cotton filters and salt solution, 
is brought out in Table V. (See page 80.) 

Importance of care in placing tubes in brine.— It will be 
noted in the results of our studies with a brine solution that, 
occasionally, extremely high counts were obtained in indi- 
vidual cases. This was so pronounced in the case of some of 
our preliminary work that the cause was sought in the presence 
of air in the rubber tubes while in the brine. 

As a matter of convenience and to obviate the necessity of 
assembling the parts after taking them from the brine the 
teat cups and the accompanying rubber parts were left con- 
nected when placed in the salt solution. Unless care was ex- 
ercised in the act of immersing them air was inclosed in the 
tubes and the brine did not have free access to all parts of 
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the tubes and according could not be expected to exercise 
fully its restraining influence on the bacterial life. 

In the preliminary work the placing of the tubes in the brine 
was intrusted to the men who had charge of the machines. 
An inspection of the tubes showed that they contained air in 
considerable quantities. Thereafter, the condition of the tubes 
was inspected by one of us before 10 o’clock of each day on 
which samples were to be coilected at the night milking and 
the air, which was practically always found in the tubes, was 
expelled. Simultaneously with this increased care there was a 
marked decrease in the fluctuation of the germ content of the 
milk although high counts were occasionally obtained as shown 
in the tables. 

Later, an attempt was made to measure the effect of allowing 
air to remain in the tubes. In this test the two machines 
which were used were supplied with cotton in the filter cups 
and were handled alike in all respects except that on each 
night two cows were milked with rubber parts in which the 
aid had purposely been inclosed while in the brine tank while 
the tubes used in milking the other two cows had been care- 
fully filled with brine after the preceding milking. Each cow 
was milked an equal number of times with tubes which had 
been handled in each of these ways. 

The resulting data are given in Table LV, 
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TABLE IV.— Errect or INcLosep AIR IN. THE TUBES WHILE IN THE SALT 
SOLUTION. 








Air left in tubes. Air out of tubes. 


eee —————————————————————————— — eee 


Both cows Cows milked Both cows Cows milked 


























1909. milked at once. separately. milked at once. separately. 
Prin- | Millie | Nora | Carey | Prin- | Millie | Nora | Carey 
cess A. | F. B. B IBY of S. cess A. ioepihs D: of 8. 
Germs per cc. in milk. 
JUNG 2) Fa seem eee ee kee ce and mee See 1,500 1,780 930 "| \ea ee ae ee eee 
ae pes 10,720 42600 0s Es thoes Ree eo Peel en ener eee 2,700 1,760 
Fe Mth. L400 ST FLG. S/O eH Se ee ee A Oc gee, See aCe oe teams Ce ea enmcen ne hat) 1,790 
Kai (Od 1G SA 90.8.3 1BB0 TT Peas ait) hee Heee es Mee eC eee ee 3,660 1,750 
Pe 2s a Pedeee eee Meee 4: bench 1,600 2,000 27540 100 oa oy Re eee 
ae PA oes 1,730 2 ABO! PT CEPA MAY he hose eal nee cone | ae eee 1,620 1,450 
AV 5,070 6, 700 1,600 1,750 2,070 660 2,930 | 1,690 
Gen. av 4740 1990 


The data in the above table came as a surprise, since, if we 
eliminate the two high counts on May 28 and 29, there is prac- 
tically no difference in the results obtained by the two lines of 
treatment. 

On one hand is the observed marked improvement which 
immediately followed the careful removal of all air from the 
tubes at the beginning of our work and on the other is the 
failure of larger numbers of bacteria to appear in the milk 
when the air was purposely allowed to remain in the tubes. 
In the face of such conflicting evidence positive conclusions 
can not be drawn but it does seem a logical conclusion that 
since the action of the brine was so important in reducing the 
germ content its free access to the entire surface of the tube 
should be followed by beneficial results. 


FILTERS 
While the use of brine for holding the teat cups and rubber 
parts between milkings very markedly improved the quality 
of the milk as shown by the reduced germ content, even under 
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fairly good barn conditions milk with a germ content of 20,000 
to 30,000 per ce. marked the practical limit of this improve- 
ment. nS) 

It will be remembered that after each pulsation of the ma- 
chine air is admitted to release the vacuum and this air being 
drawn from beneath the cow and in close proximity to the 
bedding must carry with it dust and bacteria in considerable 
numbers. The origin of the cotton filter has been discussed in 
connection with the work of Stocking (see page 63) and the 
first machines furnished us by the makers were equipped with 
the small cotton filters shown in Plates V and VI. During 
the period in which this study has been conducted the filters 
have undergone marked improvement and the importance of 
the principle of filtering the air entering the.machine is well 
illustrated by the variations in germ content which have fol- 
lowed the use of these various filters. 

Test of small filters— On the model first studied, machines 
Nos. 1287 and 1288, the relief filter on the pulsator head was 
the same size as those on the teat connectors and all were quite 
small as is shown in Plate V, fig. 1, and Plate VI, fig. 3. In 
these plates the blocks opposite the filters indicate the cotton 
containing capacity of the filter cups. The main suction filter 
{Plate V, fig. 1) was cast in the body of the pulsator at the 
base of the nipple which joins the milker to the stanchion 
hose. It will be noted from the plate that it would :accom- 
modate only a thin layer of cotton. ; 

In the test of these machines the teat cups and rubber parts, 
with the exception of the stanchion hose, were kept in a 10 
per ct. salt solution. The only variation in handling was the 
insertion of cotton in the filter cups during 2 part of the tests 
and the omission of cotton from the filters at other times. The 
milk of three successive pairs of cows was tested to determine 
whether there was such a progressive change in the germ con- 
tent of the milk as was noted in connection with the Globe 
machine. 

The results of this examination are given in Table V, 
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TABLE V.— GERM CONTENT oF MILK FRomM B-L—-K MACHINE WHEN THE 
RUBBER PARTS WERE KEPT IN BRINE. 


RESULTS WITH SMALL COTTON FILTERS. VACUUM BROKEN AT STANCHION COCK. 


























Suction filter side. Other side. 

1907 1st 3d 5th 2d 4th 6th 

: cow. cow. cow. cow. cow. cow. 

Germs per cc. of milk. | Germs per cc. of milk. 
Mare 23inren. wie Cail 2 21, bo0) leo GO ele, 000 15,330 | 14,000 14,060 
eee oS Reis Non an ik ees 18,200 | 44,600 | 10,000 5,700 7,400 2,900 
OVO Sey ey Wien. Rey ate 7,200 | 14,700 5,700 6,000 5, 900 9,400 
SAO ge a ute ERIE as bo 4,000 5,200 2,700 2,700 4,900 1,800 
ADUIOD ME. Sis bly. Ae 23,400 | 17,700 | 87,000 17,900 | 14,100 1,400 
ES MEPS PATE are te Soe 9,100 | 20,200 | 21,500 9,300 | 10,700 4,000 
tC PAGO we, ere Eat eh boii: 12,000 5,600 | 19,400 5,600 | 14,000 2,200 
BAR SRL bs, ERS Snoop sla tie ata 64,400 | 22,200 | 29,700 8,900 | 10,700 9,600 
AVeTAagOr eel ee be 20,730 | 14,840 | 24,000 8,930 | 10,210 5,730 

Gen saVeTAge wee eis ie heed 19,856 8,290 








RESULTS WITHOUT COTTON FILTERS. VACUUM BROKEN AT STANCHION COCK. 














Suction filter side. Other side. 
ity ly ist | 3d | bth 2d | 4th | 6th 
; cow. cow. cow. cow. cow. cow. 
Germs per cc. of milk. Germs per cc. of milk. 
Mat. guc ae nS oi ch a ee eden 2285000 | 72.000) | 5275200 vitiasm cece: | eee. eee 
ONEIZD Se teh lokes hind here hes 7,600 | 29,300 3,400 5,200 4,800 7,700 
agg 0588 6 aa BORE air Bie 27,200 | 18,400 | 28,700 18,400. | 19,100 29,000 
OPT BONGO. Pine chee eis 87,300 | 23,700 | 17,900 5,200 8,900 1,800 
ADV ee, eit ese ie tae 18,300 | 38,000 | 22,900 1,300 8,300 17,400 
= SMR she bea ee ee ew te be 33,950 | 75,000 -| 88,750 11,150 | 12,650 8,250 
a OT ey Wiad Woes Seer! 26,500 | 29,200 | 33,800 9, 850 6,730 14,600 
Svea] Osos oe eee Cees i ee eae 126,500 | 29,000 |156,000 16,800 | 28,150 30,300 
AverageisudA seine ane 69,420 | 38,700 | 46,700 9,700 | 12,660 15,590 
Gen. averazeru ne. ee oe 51,600 127650 











Several interesting things are brought out by the results in 
this table. In the first place there is no evidence of the pro- 
gressive reduction in the germ content which was observed on 
successive cows in the study of the Globe machine. Accord- 
ingly later observations were confined to the first, pair of cows 
milked by a machine thus reducing the danger of accidental 
contamination to a minimum, 
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Again there is a marked difference in the germ content of 
the milk received into the two sides of the pail and this differ- 
ence is very pronounced both with and without the presence 
of the filters. 

Contrasting either side of the pail when it is run with and 
without the filters it is seen that the presence of the filters re- 
sulted in a marked reduction in the germ content. This is par- 
ticularly marked on the side under the main suction filter 
where the averages were 19,856 per cc. when the cotton was 
placed in the filter cups and 51,600 per cc. where the cotton 
was omitted from the machine. 

Inefficiency of the small suction filter.— A possible explana- 
tion of the observed differences in the germ content of the 
milk from opposite sides of the pail might be the germ content 
of the respective cows’ udders. . However, the uniformity of 
the difference in the product of three successive pairs of cows 
renders this explanation highly improbable. 

Carefully secured samples of the last milk from the udders 
of these six cows were plated. The average germ content of 
those milked into the suction filter side of the machine was 
_ 556 per cc. while those milked into the opposite side of the 
machine had an average germ content of 1293 per cc. These 
differences are small and are in the opposite direction from 
the differences observed with the milking machine and there- 
fore do not aid in explaining these latter differences. 

An inspection of Plate V will show that the main suction 
filter is not placed in the center of the pail but at one side 
and over the part receiving the milk of one cow as indicated ° 
in Table V. When the milking of two cows has been com- 
pleted it was the custom to close the stanchion cock and dis- 
connect the stanchion hose at this point in order to admit air 
to the pail so that it could be opened. This sudden inrush of 
air through the four-foot stanchion hose carried with it such 
dust and bacteria as might be in this hose and in the air except 
as they were removed by the cotton in the main suction filter. 


82 Report oF DEPARTMENT OF BACTERIOLOGY OF THE 


It will be remembered that it was the observed introduction of 
iron rust and other foreign material in this way that originally 
led to the adoption of the filter at this point. 

If the variations in the germ content on the two sides of 
the pail noted in the previous table were really due to the 
inefficiency of the cotton filter to successfully handle this sud- 
den inrush of air these variations in the germ content of the 
milk of the two sides of the pail should disappear if the air 
for destroying the vacuum was introduced from some other 
source. Accordingly the test with and without the presence 
of the cotton in the filter was repeated in the same manner 
as before except that in this experiment at the close of the 
milking after the stanchion cock was closed the air was allowed 
to enter gently through the teat cups. 

The results of these observations on four cows and using two 
milking machines are given in Table VI. 


TABLE VI.— GERM CONTENT WITH B-L—K MACHINES WHEN VACUUM WAS 
BROKEN THROUGH THE TEAT CUPS. 












































Without cotton filters. With cotton filters. 
Machine © Machine Machine Machine 
No. 1287. No. 1288. No. 1287 No. 1288. 
Filter | Other | Filter |.Other Filter | Other | Filter | Other 
side. | side. | side. | side. side. | .side. | side. | side. 
Germs per cc. in milk, ’ Germs per cc. in milk. 
June 19.....}26,010]77 , 500/19, 850)18,098/|June 7.....| 3,710) 8,360/15, 510/13, 950 
Sa eZO SAE EE 5,280} 2,530/19,810/19,000 LOS ae 1,830} 3,820} 6,830] 3,300 
ce ner nhc ests 35, 250/32 ,850/17, 100)18, 500 o> oe /Lt hes 2,960] 1,250] 2,320) 2,440 
“» 22...+.|52,150} 9,170] 7,530) 8,990 be be KL Dike eer 2,970} 1,680} 1,720} 4,620 
~ 4 24.0, .{10,210) 5,270) 9240/12, 900 phn eT Sit hea. 3,850] 2,240] 4,860) 3,600 
25.05 16,000) 4,410] (45310) 49, 680i.“ “282.2 .8 (4,640; {680)*..... Ye mes 
M27 a 52h 8, 7601 15 360127, S70 aa Sao. BOW ee 16,160} 6,950}16, 230) 10,860 
July 2....111,190/44,330/16,050)18,230)|July 1..... 7,880} 2,750)10,660/14,350 
ng oe ao Le hake POT Ae TEL 5 eeCere Be iid ee x 3... .0| 5,760) 1,380) 6,190) °7,. 790 
Average... .|21,358|22,177|12,670|16,040 5 7528) 3,234 dao low OLs 
Gen. Av ..': 10,758 ee Wa" 4,383 7,764 





* Teat cups dropped; colonies overran the plates. 
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In these tests where the strong inrush of air at the close of 
the milking was prevented, the resulting germ contents bear 
no distinct relation to the location of suction filter. Under 
these circumstances the thin layer of cotton in the suction 
filter sufficed for all the duty laid upon it and with the cotton 
in place the results are both very low and quite constant. 
The highest recorded germ content in 34 tests with the cotton 
filters is 16,230 per cc. with an average of 5,840 per cc. Where 
the cotton filters were not used the average of 36 determina- 
tions was 18,060 per cc. with a maximum of 77,500 per ce. 

It is interesting to observe that on June 28 when the teat 
cups were accidentally dropped on the floor the milk contained 
so large a germ content that the colonies on the plates were 
too numerous to count, 

Modification of the filter cwps.— Up to July, 1907, the Bur- 
rell-Lawrence-Kennedy machine was used without any changes 
in its manner of construction. At that date the filter cups were 
replaced by new ones which were much larger, much easier to 
clean and more easily packed with cotton. Plate V, fig 2, 
and Plate VI, fig. 2, show the increased size of these filters 
over the ones first used. The main suction filter on the 
pulsator base between the pail and the nipple for the stanchion 
hose (Plate V, fig 2) is approximately 11 times larger than 
the one originally furnished with the machine (Plate V, fig. 1). 
The relief filters on the pulsator head and those on the teat 
cup connectors as shown in Plate VI, figs. 2 and 3, are approxi- 
mately 9 times larger than those previously tested. 

Our results given in Table V show clearly that the former 
suction filter was inefficient and to obtain milk with a small 
germ content it was desirable to release the vacuum at the close 
of the milking process by allowing the air to flow in slowly 
through the teat cups. This was undesirable in practice be- 
cause of the time lost in the process and also the fact that 
unfiltered air with its accompanying quota of bacteria was 
being admitted to the pail. The efficiency of the new suction 
filter was tested by breaking the vacuum on alternate nights in 
the two different ways. In all of these tests the teat cups and 
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rubber parts were kept in brine and the filter cups were care- 
fully filled with cotton before each milking. The results are 
given in Table VII. 


TABLE VII.—GERM CONTENT OF THE B—L—K MACHINE USING AN EFFICIENT 
SucTION FILTER, AND KEEPING THE RUBBER PARTS IN BRINE. 





Vacuum broken threugh 


Vacuum broken through ( 
stanchion hose. 


teat cups. 


Machine Machine 
1908. No. 2716. No. 2437. 


Machine Machine 
. 1908. No. 2716. No. 2437. 







Filter | Other | Filter | Other 
side. | side. | side. | side. 


Filter | Other | Filter | Other 
side. | side. | side. | side. 


























Germs per cc. in milk. Germs per cc. in milk. 
Tate ocean 3,410) 6,740): 2,070)75,630)\\Jan. 30..2..) 3, 660 520] 1,080) 2,050 
Heb; wie sella 00 610) 1,350 750 4 SLs ite 5; 080| Share 2,970; 1,070 
. 6....;21,400} 1,650} 1,340 S9Ql|\Feb.. - 3.2...2. 1-4, 100) "1 5610) eee 
x LS Bitad ele hee ee el] Gores ee 2,820] 2,050 be 5 1,980 850} 1,620) 7,390 
. HS YP en RPS eel dacs Ato eee 2,780 520 ‘. 7 4,840} 6,560 810 890 
: geet ee Ma al Bt eh 1,060) 1,660 4 4a Ae ale eae 2,790} 1,520 
: 1S) tere ey ke aie Kol et ume cian 1,680 440 - LS. ai othe Rese oe eee 990} 1,290 
Average....| 9,600} 3,000} 1,870} 1,710 3,930) 2,380) 1, 710) n22 200 























* Plates lost by contamination. 


These results indicate that the larger suction filter is capable 
of removing the germs from the air which rushes in at the 
time the stanchion hose is removed from the stanchion cock, 
since the germ contents of the two sides of the pail when the 
air is admitted in this way are practically equal. 

The average germ content in this experiment is actually 
lower when the air is admitted in this manner than when the 
vacuum is broken through the teat cups but since this differ- 
ence is mainly due to the high numbers obtained at a single 
milking (February 6) little stress should be laid upon this 
fact. 

While the difference in time and accompanying possibility 
of change in the barn conditions precludes a close comparison, 
it is significant that while the average germ content obtained 
with the original small filters was from 7,000 to 10,000 per ce. 
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Fig 2.—DETAILS OF CONSTRUCTION OF B-L-K MACHINE. 
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PLATE VI.— VARIous STYLES OF TEAT Cure CONNECTORS OF B-L-K MACHINE: 
Biocks Siow SIZES oF FILTERS. 


First Form, 3; Next Form, 2; THrrp Form, 5; New Forms, 1 Aanp 4. 
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the numbers found when using these large filters are distinctly 
below these figures. 


NEW TYPE OF MILKING MACHINE 


Late in 1907 there appeared what really amounted to a new 
type of milking machine. In this machine, No. 2716, no un- 
filtered air was admitted to the milk chamber, the form of 
suction filter which had been found to be efficient was retained, 
and the relief filters were of the form shown in Plate VEE, 
fig. 4. In these latter filters the cup for cotton was nearly 
twice as deep and twice as wide as in the filters originally 
furnished, as shown in Plate VI, fig. 3. 

A comparative test of the efficiency of this new machine as 
contrasted with the one originally furnished us was conducted. 
In this test the machines were handled ag nearly alike as pos- 
sible. Two of the four cows which were used in this ex: 
periment were milked by each machine on alternate nights, and 
each operator used each machine an equal number of times. 
‘The teat cups and rubber parts were all kept in the same brine 
tank and the cotton was carefully adjusted in the filter cups 
before each milking. The comparative results are given in 
Table VIIT. 
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TABLE VIII.— Germ ConTENT oF MitK FromM Two DIFFERENT TYPES OF 
B-L-—K MacuiInes UNDER SIMILAR CONDITIONS OF OPERATION. 












































Old Machine No. 1288. New Machine No. 2716. 
1907. Nora Bess. Millie Mabel Nora. Bess. Millie Mabel 
F. G. F. (Ge 
Germs per cc. of milk. Germs per cc. of milk. 
Fe Maa ae eee te 14,300 Git UT 5 ais oe PU Ronee Gunes © x, call. Some eens 5,810 '| 2,840 
: PRO clay Oe ER ee BBR teas | 8,390 |20,060 2,310} 22701) 2.0 eee 
*) OY hehe Palen ts FD SLO: eigen Ol tetee nates ott Gkerk ceei einen: cc te taal ee ee *650 |*4,710 
ALLE s tral ama) eRe eae Weg ce 14;0409/21; 920 :||' 2,230 1,880.40. o.55 ae 
a Leb ben cae 2,760 Le 7 SO vile is cine wllcseee Ontos LIN ee teenie get eee 1,210 | 6,050 
% UR AS LAS MBC RE | feeewt hate ste T5210 167650 1'5650))] 3542001 ~ 7S eds 
ig al NaF SES came as rae we Wn pee ed 11,040 |10,130 1,410 3) L720 0. ee ee eee 
Fe) LYE teens *4,810 |*10,750 aegare (2) Cie Paes k Ae packs *3 ,040° |*7,510 
SUE ie, PUT Bae aed PORE MiG 9 8,800 | 5,170.1 1,080) 2, 700 4. ec eet eee 
AE TORN RLM: aie. 1,460 87200 TH. Pee EC Oe aN Tee 9,370 | 5,400 
oy A 7. Dept RE PeA 0 MRORRRED ke Ui), ae 1,130 |16,140 990° | 1,990.4 Seca tate ee 
MTERD Lite doenraae 2,750 4. GBOFl 12), 168 ee eA ee ee a es eee 7,100 720 
Average... ...1... 4,898 | 5,780 | 7,600 [14,995 || 1,610 | 2,160 | 4,530 | 4,540 
General average. . 8,340 ‘oe 37240 

















* Teat cups changed before milking. 


The results bring out quite clearly the fact that the new 
type of milker is a distinct improvement over the one which 
preceded it. Not only is the average germ content with ma- 
chine No. 2716 distinctly lower than that of machine No. 1288, 
but what is even more important, the results with its use are 
subject to far less variation than with the latter one. Of these 
28 consecutive determinations with machine No. 2716 not one 
of them showed 10,000 per cc. and the average of all is less 
than one-third of that number. It should be noted, however, 
that these results were obtained in December and it does not 
follow that as low counts could be obtained with a like 
regularity in summer. 

The practical improvement in the new type of machine was 
actually greater than was shown by these figures. The filter 
cups on machine No. 1288 were so small that the proper filling 
of them was attended with difficulties. After the tubes had 


fond 
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been rinsed free of brine a small amount of water commonly 
remained in the filter cups and this was hard to remove. This 
tended to wet the cotton, causing it to mat down and not filter 
the air properly. Also the bulk of the cotton in the filter was. 
so small that on screwing on the filter cover the cotton was 
easily entangled and rolled to one side practically destroying 
the filtering action. By careful attention to details these fac- 
tors were reduced to a minimum in our work but in practical 
use they would have been important. On machine No. 2716 
the cylindrical filter cups were so much larger that neither of 
these factors was so troublesome. 

Comparison of later forms of relief filters——On account of 
the important modifications we thought it best to to test two 
new machines, Nos. 3157 and 3158. These differed from the 
preceding form in that they did not have a relief filter on 
the dome of the milking machine and the relief filters at the 
teat cup connectors had correspondingly larger openings for the 
entrance of air. In connection with these machines there were 
furnished two different forms of relief filters which are shown 
in Plate VI, figs. 1 and 4. It will be noted from the wooden 
‘blocks which indicate the capacity of the filter cups that these 
were of practically the same size and shape. The difference in 
the filters lies in the extension of the air chamber in the case 
of filter 1 in the form of a cone which admits the air into the 
teat cup connector in front of the openings coming from the 
forward pair of teats. The filtering cotton was prevented from 
entering this cone by a perforated sheet of metal. The object 
of this change was to equalize the milking action on the four 
teats. The test was intended to determine whether this change 
in form influenced the filter action when the capacity of the 
filter remained constant. In this test machines 3157 and 3158 
were used on four cows, the conditions being kept as constant 
and the machines handled as well as possible. Each cow was 
milked four times with each form of relicf filter. The results 
of these 32 tests are given in Table IX. 
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TABLE IX.—CoOMPARISON OF Two LATE ForRMS OF RELIEF FILTERS. 

















Filter, Plate VI, fig. 1. Filter, Plate VI, fig. 4. 
ret paid 3157 3158 3157 3158 
Cow Clay | Fancy | Millie | Ham- Clay | Fancy | Millie | Ham- 
Bt A. F. mondF. B. AY F, |mondF, 
Germs per cc. of milk. Germs per cc. of milk. 
May i280 hl tae ats 22203001) OAEOO) | cet aie Mee fe eo eh cee a ae ee *63 ,600 2,640 
Vt ADO emacs biel banwat lt Goal dene 3,800 165620. | 3,550) | 953005 © oS eee 
Jie “SPA, Gc) ee ae ee tee 2, 5504121050002 | 624'900 4) 3330 8\ teen ene 
TREN 2.810 173040 fiche eet ee eee ce eee 4,130 | 7,140 
Nae Poa eee tate arco Sealed v5 UAE ER Sy Ne A ,620: |.2163.410.2|43.,680° | 95 6105) eee ee 
pee eee et ee 5690-115; 5009 Be eat cee ere ee ee ee 3,500 | 10,500 
Su DRO E ecie teri Pee Race oles Alas aloo € 920.4] 422908) 4754909 0 oe ee 
pid MOE ene Bs Sot nine ta SEOLOAIPG SOOM) Beers All ke eiets Ria eee oa) ee 2,270 6,700 
IA VEGI ra ree aisle S090 1) OIOLOM es, O52 4) Waa Sel tomoOo mime tee 3,300 | 6,745 
Gen. average... 8,345 5, 267 


* Not in average. 


The results obtained from Millie F. on May 28 are not in- 
cluded in the average because in making the plates the sampie 
met with a slight accident and the results are plainly uet in 
accord with the remainder of the observations. 

It will be observed that with three of the cows the results — 
were slightly better on the average with the filter supplied with 
the cone but this difference was not marked:and probably lies 
within the range of variation which would be experienced in 
running the machine on two different nights. 

Placing cotton in the suction filter only.—The sole objection 
on the part of the dairymen to placing cotton in the filter 
cups arises from the fact that this cotton must be inserted 
carefully before each milking and time ifs consumed in the 
process. This was particularly true of machines No. 1287 
and 1288 where the care required in properly inserting the cot- 
ton was especially trying. With the later models the filter 
cups have been larger and the difficulties correspondingly less. 
In view of the marked influence of the suction filter as brought 
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out on pages 81-84 a test was made of the effect of filling only 
the suction filter cup with cotton and contrasting this with 
the results where this cotton was not used. In this test the 
rubber parts were kept in 10 per ct. brine and the machine, 
No. 2716, was handled with care in every respect, the only 
difference being in the presence and absence of cotton in the 
suction filter. The results of these tests are given in Table X. 


TABLE X.— EFFECT OF PLACING COTTON IN THE SUCTION FILTER ONLY. 
































Cotton. No cotton. 
1908. Nora. | Bess. 1908. Nora. | Bess. 
Germs per cc. of Germs per cc. of 
milk. milk. 
BOTCON ONES: sek ess doc: 1,800 Ge EON OCCy A tetera a: 1,400 8,590 
a Gi he RR irae 2,000 1,700 ‘ See te ae ee se 74,520 176,620 
: Dre Bae 6) okt « PA 0) 4,190 * iO RSE Use ant ends © 30 , 240 Ja PSD) 
a? 1 Recerca Caen 1,100 3,860 a i AY (eee MP Ue ae Pati 1,940 2,700 
is on Ss ae orice 4,140 6,200 4 UO Wer eis glare they: 14,200 e250 
- Sete tats ee es 9 , 200 5,040 ETE OTR eA Oe ait 34,350 7,500 
Fs evransiwate feicte The re) 9,040 
PARVIE DUC CN cist nudy osc eiielladens 3 3,650 OOO | PAVeTa Se’ falaen sofas cuseers 3 26,110 6,260 
General average...... 4,405 General average..... 16,185 











These results indicate that the use of cotton in the suction 
filter alone will markedly improve the quality of the product. 
This improvement is shown especially in the reduced range of 
variation inthe counts. 

The average of the results where no cotton was used has 
little value on account of the wide variation in the results but 
this variation is characteristic of the absence of filters, and 
the average expresses the marked tendency toward higher re- 
sults. In computing this average the high count from Bess 
on March 9 was omitted. Her milk entered the side of the 
machine opposite the suction filter where the absence of the 
cotton ordinarily had less effect and the high count was un- 
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doubtedly due to some factor other than the absence of cotton 
in the suction filter. 

These results indicate that where the dairyman does not 
feel that there is sufficient time to fill all of the filter cups 
with cotton the maximum benefit will be obtained by filling 
the suction filter. 

Absorbent vs. ordinary cotton in the filter cups.—In some 
of our earlier work with the milking machine the cotton used 
in the filter cups was that known as absorbent cotton, it having 
been treated chemically to remove the oil and other foreign 
substances. On account of its previous treatment this cotton 
is much more expensive than the ordinary form and it has 
some other disadvantages. The difficulty of removing all of 
the moisture from the earlier form of filter cups has been 
mentioned and this form of cotton readily absorbed this moist- 
ure and tended to mat down and interfere with the passage 
of air. A. comparison was made of the relative: filters in , 
efficiency of absorbent and ordinary cotton. . 

In this, the milking parts were kept in brine, the same man 
operated both machines, the vacuum was released through the 
teat cups and the conditions were made as strictly comparable 
as possible except that at each milking the filter cups of each 
machine were packed with the two kinds of cotton respectively. 

The results from this test are given in Table XI. 
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TABLE XI.— COMPARATIVE EFFICIENCY OF ABSORBENT AND COMMON COTTON 
IN THE FILTER CUPS. 










































































Absorbent cotton Common cotton 
Machine Machine Machine . Machine 
1907. No. 1288. No. 2437. 1907. No. 1288. No. 2437. 
Germs per cc. of milk. Germs per cc. of milk. 
Nora. | Bess. aie Bene Nora. | Bess. eee AUIS 
Nov. 11...*/10,100]} 4,270] 2,660] 1,020||Nov. 13..... 1,910} 5,570) 5,180 390 
: freee ete cOlme Ll O60) 44,L00 650 ae La mee 3,020] 3,050} 7,060] 2,470 
7 eens [eet O40) 420} 2,620} 930 % US Be toc 1,480 790| 9,750} 1,540 
" Giga 740} 3,980} 5,430; 3,470 oe PAO ed ai 1,420} 2,210} 5,110) 2,000 
oe LO rere | Perk 2 fSUlio'fOOluOsao0 
Average. ...}| 2,430} 2,500| 4,720] 2,480 1,980| 2,980! 6,800] 1,600 
Gena. sce 3,030 3,340 





*Teat cups fell off while milking. 


It will be seen from these results that there was no observ- 
able difference with the two kinds of cotton used in these tests. 
If considerable care had not been taken to remove the moisture 
before aplying the absorbent cotton the showing would un- 
doubtedly have been markedly in favor of the ordinary kind. 
On account of its mechanical advantages and markedly lower 
cost there is every reason why ordinary cotton should be used 
in the filter cups on a milking machine and so far as these 
studies have gone there are no known disadvantages in its use. 

The count obtained from Nora on November 11 shows the 
result of the accidental falling off of the teat cups during the 
milking process. Since these results were obtained as the 
result of abnormal conditions of milking they were not included 
in the averages. , 


| MINOR FACTORS. 
While the most important points in the handling of the 
milking machine seem to group themselves logically around 
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the subjects of the use of brine and of air filter there are other 
minor factors which should be considered. Our observation 
on the influence of two of these is here presented. 

Carrying the pail with the top off—aIt was observed that 
there was a marked tendency on the part of the milkers to carry 
the milking pail into the barn with the top off, since in this 
way the weight was more easily distributed although the pail 
was not excessively heavy when the top was on. In our work 
the tops were put on the pails immediately after they had been 
steamed and were kept carefully in place until the time for 
milking. In the present test, in one case the milker carried 
the pail in one hand and the top in.the other from the wash 
room to the stable and in between the two cows which were 
to be milked—a distance of 30 to.50 feet—and in the other 
case the pail was carried with the top on the pail. It was 
intended that the exposure of the pails in this way should be 
approximately equal to that experienced in the regular manipu- 
lation in the barn. The results of 20 counts of milk produced 
under each set of conditions is given in Table XII. 





TABLE XII.— EFFECT ON GERM CONTENT OF CARRYING PAIL WITH THE 

































































Top OFF. 
Top on pail Top off pail. 
Machine Machine Machine Machine 
NO: 2437. No. 2716. No. 2437. No. 2716. 
1908. Fal he TGS.) geile 
Sere Ruth. | Nora. | Bess. ae Ruth. | Nora. | Bess. 

Germs per cc. of milk. Germs per cc. of milk. 
Mars ween 940| 1,640] 1,790} 2,410||Mar. 25.....] 4,800 950} 2,460} 1,570 
ZO) 205. nnd a SLO! 26201 3. Sse0lman GOU 4 OT kee 2,490/15,860} 2,320) 5,880 
OULa eee 200!) 92100) 4a 20 eso 0 Cpe oa parte 3,100/19,640} 4,490} 6,590 
PATON el ogee eee 1,460] 5,700) 4,440) 5,040)/April 2...... 15,400} 5,810} 3,870} 4,030 
See aa 3,190) 7,850} 1,220} 4,610 pos A ee 7,540} 4,650] 3,660) 2,050 
Average....| 2,546] 5,382] 4,000!1 4,952 6,646] 9,380] 3,360} 4,020 

Gen. av..... . 4,220 , 5,850 
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While the average from each set of observations shows a 
distinct gain from handling the pail with the top on at all 
times it will be seen that this gain is largely due to the large 
counts obtained on two occasions when the top was off. This 
is really what is to be expected in a barn where the conditions 
producing dust in the air are fairly well avoided and it is only 
when the unexpected switching of the cow’s tail while passing 
_ or the unintentional brushing against the side of the cow brings 
down its quota of dust and bacteria into the open pail that the 
increase in germ content is marked. However, since exactly 
these things are certain to happen occasionally it would seem 
the better practice, where it is the aim to produce a low germ 
‘content in the milk that the pails be handled as much as possi- 
ble with the tops in place and especially when passing between 
or behind the cows. 

Effect of disconnecting the milking parts——Owing to the 
variation in the sizes of the teats on different cows it is often 
necessary to rearrange the teat cups when changing from one 
cow to another. This is a factor which did not enter into our 
previous tests since it was our practice before placing them in 
the brine after milking to arrange the teat cups in the order 
desired for the test at the succeeding milking. Since this factor 
would enter into the production of milk in a commercial way 
its influence was tested by handling the milking machine under 
most favorable conditions and exactly alike except that at 
certain milkings the teat cups were removed from the teat cup 
connectors and replaced just before the act of milking. 

The effect of this change in the manner of operation is shown 
in Table XIII. 
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EFFECT OF DISCONNECTING RUBBER PARTS AFTER REMOVING 
THEM FROM THE SALT SOLUTION. 


TABI Ori? 

































































Tubes not separated. Tubes separated. 
Machine Machine Machine Machine 
No. 2437. No. 2716. No. 2437. No. 2716. 
1907. we 1908. a 
Seas Ruth. | Nora. | Bess. aaa Ruth.| Nora.| Bess. 
Germs per ce. in milk. Germs per cc. in milk. 
Dec. 30....| 1,350/16, 750} 5,750) 3,500} Jan.) 2.....1/11,100) 5,060) 6,280) 39760 
A he MES Wale 2,100) 4,870) 4,250) 2,390); “* YG aes 240} 8,340|)14,420)10,870 
SOR YO irae rae 3,040} 1,060) 1,620)13,300)| “ 9.....) 2,140! 3,940 840| 2,460 
9 heli ty aye 4,500] 4,430) 1,480} 5,710)| “ gM sty 5,190/12,770 620| 2,560 
Pa Ayres & 990} 2,490) 1,120) 2,340]; “ Lows te 1,790} 7,960) 1,500/39, 950 
A VOIR GG. s ei eer sie ee sem ne bre oF city Us vey we 1,370] 3,410] 5,350) 1,630 
Average....| 2,390] 5,900] 2,890] 5,450 3,640] 6,910} 4,870]10,210 
Gens aVelur. 4,150 6,410 





These results show that while the average effect of this op- 
eration is only a slight increase of the germ content, this 
increase is produced by a marked rise on a few occasions. Ap- 
parently it is only occasionally that in the process of changing 
the teat cups foreign matter finds its way into milking tubes 
and thence-into the milk. This is fortunate, since in milking 
a large dairy it is practically impossible t¢ avoid an occasional 
change of teat cups. 


CONCLUSIONS 

The point which is emphasized.by these studies is that the 
quality of milk obtained from a milking machine depends 
primarily upon the intelligent care which is exercised in the 
manipulation of the machine. : 

The most important item in this connection is the careful 
immersion of the milking parts in a brine or similar solution 
between milkings. This has been shown to be many times more 
efficacious than the most careful steaming. While there is 


New YorK AGRICULTURAL EXPERIMENT STATION. 95 


room for improvement in this particular, a 10 per ct. solution 
of common salt is fairly satisfactory for immersing the tubes. 

The limit to which the germ content of the milk can be re- 
duced turns largely upon the efficiency of the air filters and 
these have varied widely upon the different types of machines 
which have been studied. 

Owing to the constantly shifting type of machine it has not 
been practicable to study the effect of seasonal variation upon 
the germ content of the milk. Such a study also is rendered 
difficult by the fact that there are important factors influenc- 
ing the germ content of the machine-drawn milk which have 
not yet been determined. As a result, high numbers are occa- 
sionally obtained when there is no observed occasion for them. 
It will be necessary to get these factors fully under control 
before accurate work can be done in measuring the influence 
of the various factors. ; 

One of the greatest difficulties in connection with this work 
has been to insure a proper degree of care in manipulating the 
machines and this difficulty will follow any attempt to produce 
milk with a low germ content on a commercial scale. The 
machines have now reached a degree of perfection where they 
can be reasonably expected to deliver milk of a germ content 
comparable with good hand milking when given proper at- 
tention. 


THE BACTERIAL SOFT ROTS OF CERTAIN 
VEGETABLES. 1I:* 


In COOPERATION WITH VERMONT AGRICULTURAL EXPERIMENT STATION. 


PART I. THE MUTUAL RELATIONSHIPS OF THE 
CASUAL ORGANISMS. 


H. A. HARDING anv W. J. MORSE. 7; 


SUMMARY. 


1. This is part of an investigation of the soft rots of cab- 
bage, cauliflower and turnip, conducted jointly by the Agri- 
cultural Experiment Stations of Vermont and New York, and 
deals with the morphology and cultural characters of 43 strains 
of organisms. 

2. These strains have been found in connection with the soft 
rots of a considerable number of the common fleshy vegetables 
and some of them have been described in literature as separate 
species. 

3. These strains appear to be identical in morphology and 
a cultural study upon more than 12,000 cultures did not in- 
dicate any constant cultural differences aside from the fer- 
mentation of sugars. 

4. The results from 1,500 fermentation-tube tests indicate 
that the entire group attacks dextrose, lactose and saccharose 
with the formation of acid and growth in the closed arm but 
that the amount of gas normally formed is so close to the 
amount required to saturate the liquid in the fermentation 
tube that the appearance of gas in the closed arm is very ir- 
regular. 

5. On account of this observed variation in gas formation 
the organisms are arranged in six groups each with its appro- 
priate group number. So far as it has gone this study does 
not show that more than one species, in the customary mean- 
ing of the term, is represented in this collection of organisms 
but the final word in their classification should be deferred 
until after a study of the pathogenicity of these cultures. 





*A reprint of Technical Bulletin No. 11. 
7+During his studies of this problem Prof. Morse was Assistant Botanist 
of the Vermont Station; he is now Plant Pathologist of the Maine Station. 
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INTRODUCTION. 

Almost every year the attention of plant pathologists is 
directed toward soft rots of some of the fleshy vegetables and 
in the aggregate the economic losses from this class of diseases 
are large. In a number of such diseases the casual organism 
has been isolated, studied and given a specific name. These 
rot-producing organisms are often closely related, so closely, 
in fact, that in working with a freshly isolated pathogen of 
this class one is usually in doubt as to whether the culture 
under consideration is a new species or a representative of a 
species already described. - 

The attention of one of us (H) was first directed to this 
group in 1897, in connection with ‘an experimental study of the 
black rot of cabbage, at the University of Wisconsin. The soft 
rot of cabbage was observed! in the experimental fields and 
cultures made. When it was found that the organism present 
in the rotting tissue was distinct in its chromogenesis and 
other cultural characteristics from Ps. campestris, the germ 
causing the black rot of cabbage, the study of the soft-rot germ 

ras not carried further. In 1898, while studying the distribu- 
tion of Ps. campestris in Kurope, a white liquefying organism 
was again encountered in connection with a soft rot of various 
members of the turnip family. Since 1899 study of this or- 
ganism hag been in association with Mr. F. C. Stewart, Bot- 
anist at the New York Agricultural Experiment Station. 

In 1896, Mr. Stewart made successful inoculation experti- 
ments using germs isolated from diseased cabbage on Long 
Island and reproduced the soft rot as it appeared in the cab- 
bage fields. In the following year he likewise determined 
experimentally that a destructive soft rot of Amorphophallus 
simlense could be reproduced under proper conditions by the 
inoculation of a pure culture of a species of bacterium which 
he had isolated from diseased plants of this species. No ex- 
tended study of these casual organisms was conducted at this 
time. Since 1900 a comparative study of the bacteria causing 


*Russell, H. ie and Harding, H. A. A bacterial rot of cabbage and 
allied plants. Wis. Agr. Exp. Sta. Bul, 65, p. 22. 1898. 
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the soft rots of cabbage and cauliflower has been conducted at 
the New York Agricultural Experiment Station. <A prelimi- 
nary report? of this work was read before Section G of the 
American Association for the Advancement of Science at 
Taba ore, Pa., June 30, 1902, and printed in Science, August 
22, 1902. 

In 1898 Professor L. R. Jones of the University of Vermont 
isolated an organism which produced soft rot in carrots and 
other vegetables and later described this organism under the 
name of Bacillus carotovorus.* In the summer of 1899, being 
convinced that the soft rot of the cabbage was a disease closely 
allied to carrot rot, as to cause and attendant phenomena, he 
started a student assistant, Mr. F. R. Pember, on the study 
of the cabbage rot. Mr. Pember secured three organisms re- 
sembling B. carotovorus and like that capable of producing 
a soft rot of vegetables and made comparative studies of them. 
In 1901 the comparative study, at the University of Vermont, 
of the morphology and pathogenicity of this group of rot- 
producing organisms was assigned to one of us (M) and over 
a score of pathogenic cultures were isolated from various 
sources. Meanwhile Professor Jones was at work upon the 
question of the production and activities of the toxie sub- 
stances and wall-dissolving enzyms which are elaborated by 
these bacteria. 

The fact that these similar lines of investigation were being 
conducted at these adjoining Stations becoming known, a 
conference was held between the representatives of the two 
Stations in July, 1902, and the work of studying the soft rots 
of these vegetables was divided as follows: The determina- 
tion of the mutual relationship of the germs involved was 
assigned to Messrs. Harding and Morse; the study of the 
enzyms elaborated and their relation to the host plants to 


aHar ding, H. A., and Stewart, F. C. A bacterial soft rot of certain eru- 
ciferous plants and Amorphophallus simlense. Science, N. 8., 16: 314-315. 
1902. 

sJones, L. R. Bacillus carotovorus, n. sp., die Ursache einer weichen 
Fiiulnis der Méhre. Centbl. Bakt. u. Par. the 7: 12-21; 61-68. 1901. 
Also, Jones, L. R. A soft rot of carrot and other vegetables. Ann. Rep. 
Vt. Agr. Exp. Station 13: 299-332, 1901. 
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.Prof. Jones; while the pathogenicity of the germs and the 
economic relations of the diseases were left to the activities 
of both Stations. Later, owing partly to the transfer of Mr. 
Morse to the Maine Station, it was decided that the work on 
the pathogenicity should be carried out at the New York 
Station. It was hoped that the three parts of this investiga-_ 
tion might be published together, but this does not seem to 
be practicable. Accordingly, the present paper deals with the 
first two divisions, leaving the third to appear later. 

The economic importance of this inquiry lies mainly in 
connection with the rots of carrots, cabbage, cauliflower and 
turnips. In order more fully to understand the relation of 
the organisms causing these rots it seemed desirable to in- 
clude a study of a number of bacterial forms which have been 
known to cause similar diseases in other cultivated plants. 
Where these organisms are sufficiently similar to be able 
in turn ‘to attack the above vegetables their importance in 
connection with any rotation of crops is evident. 

It is a matter of regret, in view of the close relationship 
which has been found between pathogens on such a wide 
range of plants, that the circumstances did not permit a com- 
parative study of all the germs known to cause soft rots of 
plants. It is evident that such a study would yield results of 
great value. 

The earliest isolation of this class of organisms which has 
come to our attention was that by Professor Pammel in 1892. 
His attention had been called to a destructive rot of rutabagas 
and yellow turnips and he states, that he “ carefully removed 
with a sterilized scalpel some of the black areas adjoining 
healthy tissue with a platinum needle, using the test tube of 
agar. Several fornis of bacteria were obtained, and one of 
these, a bacillus producing a whitish growth on the surface 
of the agar, when inoculated into an apparently healthy ruta-. 
baga produced rot.’* These fields were undoubtedly like 
many which have since come under our observation in that 
there were two distinct diseases present at the same time. 


*Pammel, L. H. Bacteriosis of rutabaga. (Bacillus campestris, n. sp.) 
Iowa Agr. College Exp. Station Bul. 27, p. 133. 1895. 
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Having later obtained well-marked results from inoculations 
with a yellow organism which he named Bacillus campestris, 
no further work was done with the white organism which, 
in the light of later experience, appears to have been the more 
important pathogen. 

Strictly speaking, the black rot of cabbage and allied plants, 
caused by Bacillus, or as it is now called, Pseudomonas cam- 
pestris, should be included among the soft rots. While this 
disease ordinarily manifests itself by a drying and browning 
of the foliage it also often appears as a soft rot of the fleshy 
tissue.. However, as its casual organism can be easily dis- 
tinguished from the germs producing the soft rots which we 
have been studying, we have not included Ps. campestris 
among the organisms discussed in this paper. 

As has been already suggested, the prime object of our 
study was to remove the present confusion which exists as to 
the relationships of the closely allied, white organisms which 
‘ause the soft rots ef the carrot, turnip, cabbage and cauli- 
flower. 


SOURCES OF OUR CULTURES. 

Professor M. C. Potter presented the results of his study 
of a bacterial disease of turnips to the University of Durham 
Philosophical Society® in December; 1898, in which he named 
the casual organism Pseudomonas destructans, and presented 
a very similar paper at the British Association® meeting at 
Dover in September, 1899. The published abstracts of these 
papers characterized this disease as a white rot and included 
a brief description of Pseudomonas destructans. Aside from 
the pathogenicity, his description in these first papers is So 
brief that it is very doubtful if his organism could be recog- 
nized by its aid. He characterized the organism more fully in 
a paper read before the Royal Society’ in December, 1900, and 


®Potter, M. C. On a bacterial disease — white rot — of the turnip. From 
Univ. of Durham. Philo. Soe. Proce. Nov., 1899. 

*Potter, M. C. On white rot—a bacterial disease — of the turnip. — 

British Asso. for Adv. of Sci. Report for 1899: 921-922. 1900. 
~ 7Potter, M. C. On a bacterial disease of the turnip. .( Brassica Napus). 
Royal Soe. of London, Proc. 67: 442-459, 1901. Reviewed also in Ztschr. 
Pflanzenkr., 12: 170. 1902. ° 
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translated later into German. Judging from correspondence 
with Prof. Potter, the casual organism had been lost before 
the autumn of 1902. In February, 1903, he kindly furnished 
us, for use in this comparative study, a culture which he had 
freshly isolated and believed to be Pseudomonas destructans. 
However, a flagella stain showed that this was a peritrichic 
organism and therefore would be classed, according to Migula, 
as a bacillus. 

The organism which we received can hardly be looked upon 
as an accidental contamination since it is a typical member 
of the group producing soft rot in plants and is undoubtedly 
a true English representative of this widespread group. The 
failure of Prof. Potter to reisolate a Pseudomonas from de- 
caying vegetables is not surprising in view of the fact that 
during the years in which we have been frequently making 
such isolations we have never isolated a white liquefying 
Pseudomonas producing this decay. 

Later we obtained a culture labeled Pseudomonas destruc- 
tans from Kral, but this was possibly derived from the same 
culture sent us under that name by Prof. Potter as it was 
likewise a bacillus. 

In January, 1909, Professor Potter kindly furnished a 
third freshly isolated culture of Psewdomonas destructans. 
The arrangement of the flagella on this was also peritrichiate 
and consequently it should be classed as a bacillus. In this 
paper the culture furnished us by Prof. Potter in 1903 will be 
designated as Potter’s Bacillus. 

Reference has already been made to the publications by 
Professor Jones on the soft rots of carrot and other vege- 
tables. These publications not only included an extended 
description of Bacillus carotovorus, but also gave the results 
of extensive tests of its pathogenicity when inoculated into 
a large number of common vegetables. These results showed 
that, under proper conditions, soft rots of a long list of com- 
mon vegetables could be produced by inoculations from a pure 
culture of this germ. Fortunately the original type culture 


®Potter, M. C. Ueber eine Bakterienkrankheit der Riiben (Brassica 
Napus). Centbl. Bakt. u. Par., HL, 7: 282-288; 353-362. 1901. 
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of Bacillus carotovorus has been preserved by Professor Jones 
and was available for use in this comparative study. 

Professor F. C. Harrison presented a paper at the Pitts- 
burg meeting of the American Association for the Advance- 
ment of Science, entitled ““A preliminary note on a new organ- 
ism producing rot in cauliflower and allied plants,”? in which 
he briefly described the casual organism which he there named 
Bacillus olereaceae. In a later publication’ he gave a very 
full account of the behavior of Bacillus oleraceae on different 
culture media as well as the results of inoculations of pure 
cultures of this bacillus into many of the common vegetables. 
As the result of such inoculations: he reported soft rot being 
reproduced in cabbage, cauliflower, turnip, rutabaga, rape, 
radish, parsnip, carrot, mangel, sugar beet (slight), potato, 
celery, tomato (both ripe and green), artichoke (Jerusalem), 
asparagus, horse radish, rhubarb and onions. When we ap- 
plied to Professor Harrison in 1902 for a culture of Bacillus 
olereaceae he was unable to furnish it because of the loss of 
all of his stock, but we were so fortunate as to obtain an 
authentic culture from one which he had previously furnished 
to Dr. Erwin F. Smith. 

An interesting contribution to this subject was made in 
1902 by Dr. A. Spieckermann™ of the Agricultural Experi- 
ment Station at Minster, Germany. He isolated an organism 
which he found to be able to reproduce a soft rot in a con- 
siderable number of the common vegetables when inoculated 
into them in pure culture. The cultural characteristics of 
this organism differed in some particulars from the ones al- 
ready described by Potter and Jones, being identical, as will 
be shown later, with the organism afterwards found and 
named by Townsend.!* However, Spieckermann did not name 

*Harrison, F. C. Preliminary note on a new organism producing rot in 
cauliflower and allied plants. Science, N. S., 16: 152. 1902. 

“Harrison, F. C. A bacterial disease of cauliflower (Brassica olereaceae) 
and allied plants. Ontario Agr. College Bul. 137. 1904. 

uSpieckermann, A. Beitrag zur Kenntniss der bakteriellen Wundfiulnis 
der Kulturpflanzen. Landw. Jahrb., 31: 155-178. 1902. 


“Townsend, C. O. A soft rot of the calla lily. U.S. Dept. of Agr., B. 
Peaks ul Ag rLO04, 
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his organism, but in January, 1903, he kindly furnished us 
with a culture which will be referred to in this publication 
as Spieckermann’s Bacillus. 

On May 21, 1902, C. J. J. van Hall presented a doctorate 
thesis to the University of Amsterdam, entitled “ Bijdragen 
tot de kennis der Bakterieele Plantenziekten,”’!® in which he 
included an extended description of an organism producing 
a soft rot in the Iris family and designated by him as Bacillus 
omnivorus n. sp. Dr. van Hall later published a discussion 
of the pathogenicity of Bacillus omnivorus and its manner 
of attack upon the iris bulbs and plants. While the soft rot 
of the iris was outside of the group which we originally in- 
tended to study we obtained a culture of Bacillus omnivorus 
from Kral and included it among the organisms studied. 

-In 1904 Dr. C. O. Townsend?!’ published a description of a 
soft rot. of calla lily including that of the casual organism 
which he named Bacillus aroideae. Through the kindness of 
Dr. Townsend we were given a culture of this organism at 
the very beginning of our work and have made a comparative 
study of it in connection with the germs from the other 
sources. 

In addition to these named cultures we have made a com- 
parative study of 37 others, isolated from various vegetables. 
Pember A and C were obtained from decaying cabbages by 
Mr. F. R. Pember in 1899. In the summer and fall of 1901 
one of us {(M) isolated cultures XXV, XXVI, XXIX and 
XXXI from decaying early cabbages from the Vermont Ex- 
periment Farm garden; cultures XLVIII, XLIX, L, LI, LIT, 
LIV, LV and LVI from a field of late cabbages in South 
Burlington, Vt., and cultures XCIV, XCV, XCVI, XCVIII, 
C, CI, CII, CIII from cabbages in a private storage house 
at Burlington, Vt. In 1903, an organism, designated as Tur- 





Bvan Hall, C. J. J. Bijdragen tot de kennis der Bakterieele Planten- 
ziekten. Doct. Thesis. Univ. of Amsterdam. 1902. 

4van Hall, C. J. J. Das Faulen der jungen Schésslinge und Rhizome von 
Iris florentina und Iris germanica, verursacht durch Bacillus omnivorus. 
v. Hall und durch einige andere Bakterienarten. Ztschr, Pflanzenkr., 18: 
129-144. 1903. 

*See footnote 12, 
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nip Rot D, was isolated at the Vermont Agricultural Experi- 
ment Station laboratory from decaying turnips growing on 
the same land from which were obtained the cabbage BOn rot 
organisms XX V—XXXI two years previously. 

At the New York Agricultural Experiment Station labora- 
tory culture 0.2 e was isolated from a decaying cauliflower 
from Long Island in November, 1901. Culture 0.2 f was iso- 
lated in March, 1902, from a diseased cauliflower plant in 
the green house. Eleven days previous this cauliflower plant 
had been carefully inoculated with a pure culture of 0.2 e in 
order to test the pathogenicity of this culture and the re- 
isolation was made to determine the fact that the disease 
which had been produced was actually caused by 0.2 e. The 
inoculation had been made as aseptically as possible and the 
point of inoculation covered with melted grafting wax. The 
material for the reisolation was taken from the advancing 
edge of the diseased area and the plates indicated the presence 
of a pure culture in the plant tissue. 

In 1902 the cultures designated, as Miller and Riverhead 
were isolated from decaying stalks of cabbage which had 
been planted commercially for the purpose of raising cabbage 
seed. The stalks were collected as typical examples of the 
early stages of the destructive rot which causes a heavy loss 
in the cabbage seed industry on Long Island practically every 
year and there were two stalks from each of two fields located 
about 10 miles apart in the eastern portion of the island. 

Cultures labeled Miller Stalk 2 No. 1 and Miller Stalk 2 
No. 2 were derived from the same diseased stalk while Miller 
Stalk 3 No. 1, Miller Stalk 3 No. 2 and Miller Stalk 3 No. 3 
were likewise isolated at the same time from another sim1- 
larly diseased cabbage stalk from the same field. Riverhead 
Stalk 2 No. 1 and Riverhead Stalk 3 No. 1 came from two 
cabbage stalks out of a second field. 

Cultures 0.2 RBe and 0.2 RBi were isolated in November, 
1901, from a rutabaga. This was obtained from a private 
garden near Phelps, N. Y., and the upper portion of the ruta- 
-baga was soft and vile smelling. The cultures were prepared 
from blackened fibro-vascular bundles passing through the 
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apparently sound tissue of the rutabaga. Both cultures were 
obtained from the same plant. 

The cultures Cornell I, III and V were isolated in October, 
1904, from two turnips from an experimental field at the Cor- 
nell Agricultural Experiment Station, cultures I and III being 
from the same turnip. | | 

Thus this collection of cultures represents Kngland, Hol- 
land, Germany, District of Columbia, Canada, Vermont and 
widely separated points in ‘the State of New York. They were 
derived from turnip, iris, rape, calla lily, cauliflower and 
cabbage. ' 

METHODS OF WORK. 

On undertaking this comparative study in July, 1902, the 
first step was an exchange of cultures which had been isolated 
at the two Stations and a determination of their cultural 
characteristics. The media used in this study, with certain 
exceptions, were prepared in accordance with the suggestions 
of the report of September, 1897,1° of the committee of the 
American Public Health Association on standard laboratory 
methods. The reaction of the media used at the New York 
laboratory was uniformly 1.5 per ct. normal acid to phenolph- 
thalein while that used at the Vermont laboratory was the 
same during the earlier years of the study and later was made 
neutral to this indicator, as it was found that the organisms 
erew equally well, if not better, in a neutral medium. In 
the earlier work at the Vermont laboratory lean beef was 
used in preparing the media, but the resulting presence of 
muscle sugar in the broth led to the substitution of Liebig’s 
meat extract. At the New York laboratory this meat extract 
was uniformly used except on rare occasions when beef was 
used as a check. 

If these variations in the technique at the two laboratories 
had resulted in discordant results they would have been re- 
grettable, but, as the results will show, such was not the case. 
On the other hand, the presence of these variations in the 
technique makes it all the more probable that the results here 


*Report of the committee on standard methods for water analysis. 
A. P. H. A. Proc. (1897), 28: 56-100. 1898. 
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given can be duplicated in any laboratory where care is given 
to approximating standard conditions of work. 

One of the important items which should never be disre- 
garded in comparative work of this kind is the vigor of cul- 
ture. Especially when they have been long subjected to arti- 
ficial conditions in ‘a laboratory it is necessary to put the 
cultures through a revivifying process, a series consisting of 
transfers of young cultures through bouillon, gelatin and agar 
having been used with these germs. Comparative cultures 
were rarely made in duplicate but almost uniformly in tripli- 
cate. When cultures long in stock were tested without pre- 
viously revivifying, discordant results from the three simul- 
taneous cultures were occasionally obtained, while such com- 
parisons made after the stock culture had been revivified 
practically always gave more accordant results. 

In separating these cultures the main difference is in their 
ability to ferment the different sugars. Accordingly it was 
absolutely necessary for accurate results that the broth which 
was used as the basis of these tests should be free from muscle 
sugar. The absence of this sugar was determined by testing 
each lot of broth with B. coli, and when found to be present 
the sugar was destroyed by the growth of this organism. By 
using meat extract it was found possible to prepare bouillon 
free from this sugar, and all of tke broth used at the New 
York laboratory was in this way made free of muscle sugar. 


METHODS OF CLASSIFICATION, 


Those familiar with such work will appreciate the difficulty 
encountered in comparing determinations upon so many or- 
ganisms scattered over a term of years and made in different 
laboratories. It is rare that two sub-cultures from the same 
original will give identical quantitative and qualitative re- 
sults on a variety of media when tested side by side and when 
considering the large number of cultures tested at different 
times and places the slight variations are bewildering. Some 
system of classification is absolutely essential to progress. 
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A large part of the work and delay in connection with this 
study was due to the absence of such a well-elaborated’ system. 

The suggestion of Fuller & Johnson™ that the most stable 
reactions of bacteria could be printed on a card and the re- 
actions of the culture being studied could be indicated by 
-+ or —, as the facts required, was a step in the right direction. 
As soon as there was a collection of these cards the difficulty 
of their arrangement became evident and this was met in an 





ingenious way by Gage and Phelps.48 They devised a group 


i 


number which both recorded the more important culture re- 
actions and provided a basis for an orderly arrangement of 
the cards. The value of these improvements was so evident 
that on this basis a committee of the Society of American 
Bacteriologists has worked out an official classification card. 
While this card is probably not in its finished form it has 
such marked advantages over any other method: of classifica- 
tion which is now available that it has been utilized in pre- 
senting the results of the present study. * 
The Society card consists of three essential parts: (1) 

group number (see page 108) along the lines originally sug- 
gested by Gage, which records the more important facts re- 
garding an organism and at the same time provides a means 
of arranging the records so that duplicates can be found 
readily; (2) A brief characterization (see page 110) which 
may be filled in by means of + or —, as suggested by Fuller 
and Johnson, and which serves as a means of further com- 
paring germs with the same group number; and (3) A pro- 
vision for tersely recording the detailed features of cultures 
upon the common media as first outlined by Chester’? (see 
page 130). 





“Fuller, G. W., and Johnson, Geo. A. On the differentiation and classifi- 
cation of water bacteria. Jour. Eup. Med., 4: 609-626. 1899. Similar 
article in A. P. H. A., Proc. 25: 580-586. 1899. 

*% Gage, S. De M., and Phelps, E. B. On the classification and identifica- 
tion of bacteria with a description of the card system in use at the Law- 
rence Experiment Station for records of species. A. P. H. A., Proc. 28: 
494-505. 1903. 

*Chester, F. D. A manual of determinative pager New York: 
MacMillan. 1901. 
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The basis upon which the group number is computed ac- 
cording to, the Society card of 1907, is given in Table I. 


TABLE I, 


A NUMERICAL SYSTEM OF RECORDING THE SALIENT CHARACTERS OF AN 
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.00001 
.00002 
.00003 
00004 
.00005 

. 00006 
.00007 
.00008 
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.00000 
.000001 
.000002 
.000003 
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.0000002 
.0000003 
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ORGANISM. (GROUP NUMBER.) 


Endospores produced 

Endospores not produced 

Aerobic (Strict) 

Facultative anaerobic 

Anaerobic (Strict) 

Gelatin liquefied 

Gelatin not liquefied 

Acid and gas from dextrose 

Acid without gas from dextrose 

No acid from dextrose 

No growth with dextrose 

Acid and gas from lactose 

Acid without gas from lactose 

No acid from lactose 

No growth with lactose 

Acid and gas from saccharose 

Acid without gas from saccharose 

No acid from saccharose 

No growth with saccharose 

Nitrates reduced with evolution of gas 
Nitrates not reduced 

Nitrates reduced without gas formation 
Fluorescent 

Violet chromogens 

Blue 
Green 
Yellow 4 

Orange : 

Red 7 

Brown * 

Pink . 

Non-chromogenic 

Diastasic action on potato starch, strong 
Diastasic action on potato starch, feeble 
Diastasic action on potato starch, absent 
Acid and gas from glycerine 

Acid without gas from glycerine 

No acid from glycerine 

No growth with glycerine 


“ 


The genus, according to the system of Migula, is given its proper symbol, which 
precedes the number, thus: 


BACILLUS corr (Esch.) Mig. becomes By 222 <a Lila 
BACTERIUM SUICIDA Mig. Bact. 222.232203 
PSEUDOMONAS CAMPESTRIS (Pam.) Sm. : 4g Ps... 211. 3838251 


BACILLUS ALCALIGENES Petr. rf L; 212 -Sodsue 
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RESULTS OF OUR STUDY. 
The results of our attempts to classify these cultures repre- 
senting four named species and thirty-nine other cultures 
isolated from diseased vegetables are given in Table II. 
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SHOWING THE Group NUMBER AND OTHER CLASIFICATORY FEATURES OF THE GERMS STUDIED. 
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The above table presents as concisely as possible the results 
of observations made under 38 headings. These observations 
were made upon an average of 25 cultures for each of the 45 
germs which were studied, or an average of approximately 
1,000 cultures for each heading. Owing to the fact that a 
single culture would furnish the information given under a 
number of headings, only about 12,000 cultures are actually 
represented in this table, although some thousand additional 
were required in the preliminary cultivations and in the 
revivifying process. 

While the above results are perfectly accordant in all of the 
items covered by + and — it would be misleading to assume 
that no apparently discordant observations were made. Every 
item was determined a number of times, usually in triplicate, 
and in practically all cases these determinations were made 
in both laboratories, the more important of them having been 
determined independently by four different workers. 

The importance of revivified cultures has already been em- 
phasized and it was in the determinations which were made 
previous to the application of this preliminary cultivation that 
the larger part of the variation was encountered. However, 
revivication does not remove all of the tendency to vary which 
is resident in some of the cultures. 

In summarizing in the table the results which were not 
entirely accordant the rule has been followed that a single 
well-marked positive result was more important than a number 
of negative ones. Wherever a single positive result was 
marked as doubtful for any reason and the other observations 
were uniformly negative the test has been recorded as negative 
in the table, but attention will be called to such cases in the 
following remarks. 

Pellicle on broth. The pellicle on broth is usually thin and 
in many of the earlier observations it was recorded as absent. 
Careful observations on cultures which had not been disturbed 
showed that the pellicle begins with the formation of floating 
masses of pseudozooglea which are gradually united into a 
delicate film. If the culture is even gently shaken these sink 
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and the pellicle which would have resulted is destroyed and 
may not be reformed. } 

While this delicate pellicle may be taken as characteristic’ 
for the entire collection of cultures, six members of the B. 
221.1113022 group—B. olercaceae, CI, 0.2f, Miller Stalk 3 
No. 5, Riverhead Stalk 2 No. 1 and Miller Stalk 3 No. 1— 
‘ have from time to time shown a pellicle somewhat stronger 
than the rest, which tends to hold together when shaken. The 
reasons for this variation have not been more closely determined. 

Agar colonies. Townsend in his description of B. aroideae”® 
laid some stress on the diagnostic value of radiating surface 
colonies which appeared on lightly seeded agar plates that 
had been inoculated from fresh cultures and been held at 22° 
to 85° C. Early in the work some attention was given to this 
point, particularly at the Vermont laboratory. It was found 
that on lightly seeded plates these radiating amoeboid-shaped 
colonies were usually produced by B. aroideae, Spieckermann’s 
Bacillus and Turnip Rot D, lending color to the idea that the 
absence of gas formation was in some manner correlated with 
a tendency to the formation of these colonies. However, the 
formation of these colonies was not restricted to these organ- 
isms and on at least one occasion they were formed by 0.2 f, 
Vermont XLVIII and Turnip Rot D when they were not 
formed by B. aroideae nor Spieckermann’s Bacillus, although 
all five were tested together under parallel conditions of media, 
temperature and dilution. 

At the New York laboratory no systematic study was made 
of this point partly because the work at the Vermont labora- 
tory indicated that it had no diagnostic value and largely 
because variations in moisture and temperature effect such 
marked changes in the colony growth of practically all bac- 
teria. The occasional formation of radiating colonies was 
observed in connection with a considerable number of the 


Townsend, C.-O. A soft rot of the calla lily. U. 8S. Dept. of Agr. 
B. P. I., Bul. 60, pp. 17 and 39. 1904, 
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forms, but no determination was made of the exact conditions 
under which they were produced. 

Potato discolored. The difficulty with this determination 
lay not so much in a variation in the cultures as in the dif- 
ferent conceptions which various workers had of the meaning 
of the term. As used in the table it refers to the formation 
of the nearly white halo which is seen around the margin of 
the growth with certain species of bacteria. This was not 
observed with this collection of cultures. On the contrary, 
the portion of the potato not covered with the luxuriant 
glistening, creamy growth was ordinarily darkened to a faint 
brownish gray, the extent of this change varying apparently 
‘with the characteristics of the potato itself. 

Potato starch destroyed. This item has been added to the 
classification card recently and the determinations were made. 
at the New York laboratory only. The test was made on 
sterilized potato cylinders in test tubes upon which cultures 
were grown for two weeks. These potato cultures were crushed 
in porcelain mortars and 50 cc. of water added to separate 
the particles so that the effect of the iodine could be easily 
seen. The presence of unchanged starch was determined by 
the gradual addition of a weak solution of iodine in potassium 
iodide. After a sufficient amount has been added to satisfy 
some of the other compounds which are present the starch 
grains are turned to a blue-black. The extent of the reduction 
of the starch by the bacterial growth is estimated on the basis 
of similar tests of uninoculated potato cylinders. In none of 
these cultures was the starch reduction complete, but amyl- 
odextrin was formed. (See page 174.) This change was ex- 
pressed by 2 in the appropriate place in the group number. 

For the details of this method of determining this action 
on the starch, we are indebted to Dr. Erwin F. Smith who 
assisted us by correspondence and by a demonstration in 
connection with the meeting of the Society of American 
Bacteriologists at Baltimore. 

Uschinsky’s Solution. The advantage of this solution lies 
in the definite chemical compounds used in its preparation 
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but unfortunately the variation in the results obtained from 
its use is wider than in a majority of the media ordinarily 
employed. Jones and Townsend found this medium well 
suited to the forms which they studied earlier, but the use of 
this medium in the later study at the Vermont laboratory’ 
did not result in any visible growth. <A test of the entire 
collection of cultures at the New York laboratory in 1909 
likewise failed to produce growth in any case. A study of 
the commercially pure chemicals which had been obtained 
from one of the most responsible houses revealed the fact that 
the compound supposed to be di-basic potassium phosphate 
was really the mono-basic salt. This produced a marked 
acidity in the medium and probably inhibited the growth. 
A redetermination with chemicals which were true to name 
gave an abundant growth in all cases. 

Gelatin liquefaction. All of the cultures in this collection 
produced an evident liquefaction in gelatin stab in all of the 
many tests except in the case of one series of cultures made 
at the New York laboratory in 1905, when the entire collection 
either liquefied very slowly or entirely failed to do so. Shortly 
before this date some attention was being given in Europe 
to the suggestion of van’t Hoff?! of the addition of formalin 
to gelatin to raise its melting point. The gelatin used in 
the above tests was of the ** Gold Label” quality and had been 
imported through the regular channels. A discussion of this 
difficulty in the matter of liquefaction before the Society of 
American Bacteriologists at their Philadelphia meeting brought 
out the fact that a number of other workers had had similar 
experiences. With the substitution of a new supply of gelatin 
all of the soft-rot cultures again produced liquefaction. 

While all of these cultures produced an evident liquefaction 
of gelatin the rate at which this result was produced varied 
widely both among the different cultures tested at the same 
time and among the different tests of a single culture. The 
cultures known as Cornell I and Cornell V were isolated on 


4tvan’t Hoff, H. J. Erhéhung des Schmelzpunktes der Nihrgelatin mittels 
Formalin. Centbl: Bakt. u. Par., I, 30; 368. 1901. 
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practically the same date from diseased turnips in the same 
field and the qualitative record of these cultures in the above 
table is identical in all particulars. They were as similar as 
two subcultures from a single source would be expected to 
be except in the matter of liquefaction. In parallel cultures 
made in triplicate at the same time, on gelatin stabs from the 
same flask of gelatin, from agar slopes treated as nearly alike 
as possible Cornell I produced large dry pits while Cornell V 
liquefied practically the entire stabs in three weeks. Again 
in his description of B. aroideae, Townsend called attention 
to the rapidity of its action, completing the liquefaction in 
3—5 days. In our studies the culture which he furnished us 
varied relatively from one of the more rapid to one of the 
slowest in the collection. The rate and form of liquefaction 
appears to vary with what may be termed the general vigor 
of the culture and more especially with regard to the relation 
of the culture to oxygen. Unfortunately our knowledge of the 
factors which influence the cultures in these particulars is 
extremely fragmentary. 

Miik—Acid Curd. The distinction between acid and rennet 
curds is of historical rather than practical value in the study 
of many bacterial forms. In this group the distinction cannot 
be made with certainty and different observers have varied 
accordingly. The formation of the curd is probably due to 
the joint action of an enzym and of acid. The record was 
made of acid curd -| because there is an evident acid forma- 
tion preceding the curdling. 

Casein peptonized. Here again the various observers dif- 
fered markedly in their conclusions because the visible diges- 
tion of the curd is so slight that it cannot with certainty be 
differentiated from the shrinking which would result from 
the action of the acid on the curd. The action of the various 
cultures on milk was alike and the final record of + was based 
on the results of milk agar plates prepared after the sugges- 
tion of Hastings*? where the ability of the organisms to attack 
the. casein seems to be clearly brought out. 


“Hastings, E. G. Milchagar als Medium zur Demonstration der Erzeug- 
ung proteolytischer Enzyme. Centbl. Bakt. u. Par., II, 10: 384. 1902, 
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Indol. The production of indol by this collection of cul- 
tures is slight in all cases and the various observers have not 
always considered that the red color produced by the test was 
sufficient to be considered positive. However in both labora- 
tories series of tests have been considered as sufficiently de- 
cided to be classed as positive. It will be noted that this 
result is not in accord with the record of Townsend”? with 
B. aroideae, but the disagreement is undoubtedly a matter of 
interpretation of results rather than a difference in organisms. 

Nitrate reduction. It was only in a few instances that the 
reduction of nitrates was not detected in the standard solu- 
tions. In all of these instances succeeding cultures showed 
the characteristic color reaction. The cultures which failed 
had not been revivified previous to the test. 

Gas formation. As has already been indicated the gas for- 
mation from dextrose, lactose and saccharose in the fermenta- 
tion tube offers a basis for classifying this collection of cul- 
tures. Owing to the importance of the observation on this 
point and to the somewhat conflicting results obtained with 
some of the cultures, the results of the various determinations 
are here given in Table ITT. 


23 Townsend, C. O._ loc. cit. p. 32. 
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TABLE III.— BEHAVIOR OF SorT Rot BACTERIA IN FERMENTATION TUBES. 
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TABLE III].— FERMENTATION TUBES — (Continued). 
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TABLE III.— FERMENTATION TUBES — (Continued). 
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It will be seen from this table that the determinations of 
fermentative ability extended from 1902 to 1906, but that the 
larger amount of work on this phase of the subject was done 
in 1904 and 1905. Under laboratories, V and N refer to the 
Vermont and New York laboratories respectively. Under ob- 
servers, M and H refer to the authors while S and P indicate 
that the actual manipulations of the determinations were done 
by L. P. Sprague or M. J. Prucha, assistants at the two labo- 
ratories. These tests were made under the immediate super- 
vision of the authors, and the results were, for the most part, 
personally inspected. by them, and they accept the -responsi- 
bility for their accuracy. | 

Under group number is given the group number which 
would result from the particular determinations in question 
and an inspection of this heading under each organism brings 
out sharply the variations observed. 

It should be remembered that each of the 550 determina- 
tions of fermentative ability recorded in the above table was 
conducted almost exclusively in triplicate, a comparatively 
small number having been made in duplicate so that this 
table really summarizes the results from approximately 1,500 
fermentation tube cultures. It occasionally happens that in 
a fermentation test in triplicate, gas will not appear in one 
or more of the tubes and this is especially liable to happen 
where the total amount of gas is small, as in the case of this 
group of organisms. A complete record of these discordant 
results was kept at the Vermont laboratory and the cases 
are indicated in the table by +. The total number of these 
cases observed at the Vermont laboratory was 23. At the 
New York laboratory where the card system of note keeping 
was being tried in various forms the record on the card was 
made on the basis of the triplicate test rather than that of 
the individual fermentation tube and the exact number of 
these variations is not known, but they were probably not 
greater than those given for the Vermont laboratory. 

In the fermentation tubes which were used the closed arm 
has a capacity of 10 cc. In all but a few cases the gas pro- 
duced had a volume of 1 cc. or less and accordingly was re- 
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corded as 10 per ct. or less. Owing to the rounded form of 
the upper end of the fermentation tube it is difficult to esti- 
mate quantities under 10 per ct. with any considerable accu- 
racy. Since practically all of the determinations were under 
this amount an accurate measurement was not attempted at 
the New York laboratory, but fortunately this was practically 
always done at the Vermont laboratory and the resulting 
measurements are given in the table. 

A striking fact brought out by this table is the frequent 
failure to form gas which occurred in fermentation tests made 
with the same organism at different times. So marked was 
this tendency to vary that contradictory results were obtained 
with 21 of the 43 strains which were studied. This number 
would undoubtedly have been even larger if all of the strains 
had received an equal amount of study. Those with which the 
action on each of the sugars was tested on but two occasions 
make up 13 of the 22 strains among which variations were 
not noted. Taking the results as they stand there were 91 
out of a total of 550 tests which did not show gas where it 
was found at other tests. Accordingly, when making a fer- 
mentation test in triplicate with one of these cultures the 
chances were over 16 per ct. that the conclusion reached was 
diametrically opposed to the truth, provided we accept the 
contention that a positive result is of more value than a nega- 
tive result, in fermentation test, proper care being used to 
prevent outside contamination and to provide uniform condi- 
tions. If this chance of error is considered as restricted to 
the strains with which variation was actually observed the 
above record does not express the actual gas-forming ability 
of the organism in 91 out of 347 observations, or 26 per ct. 

The influence of the revivifying process on the certainty of a 
correct result is shown by comparing the error noted when 
this preliminary treatment was given with the error when it 
was omitted. Where the cultures had not been previously 
revivified, but inoculations were made into the fermentation 
tubes from young, actively-growing agar slopes, there was an 
error in 63 out of 189 observations, or 33 per ct.. Where the 
cultures were given a preliminary cultivation as already ex- 
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plained (page 106), there were 28 errors out, of 158 trials, or 
18 per ct. This decrease of 15 per ct., or practically one-half, 
in the inaccuracy of the test brings out clearly the importance 
of revivifying cultures before attempting to determine their 
fermentative ability. 

Again it will be noted that the failure to form gas during 
a part of the tests is not equally distributed among the three 
sugars, but. that there are 47 cases with dextrose, 17 with 
lactose and 27 with saccharose. While it is true that a few 
more tests were made with dextrose than with either of the 
other sugars, this increase is not at all proportional to the 
larger number of failures. 

In arranging Table III the organisms which had always 
formed gas from all of the sugars at all of the trials were 
placed first, followed by those in which failures to form gas 
had been noted. These latter were arranged in the order of 
the frequency of this failure down to Miller: Stalk 3 No. 1 
which, while it formed gas from each of the sugars during 
some of the tests, failed to do so in 18 out of 21 instances. 

The fermentative vigor of these cultures was fairly pro- 
portional to this arrangement. The fairly distinct amounts 
of gas formed by the first cultures in the table gradually di- 
minishes down the table until there is rarely more than a 
small bubble with dextrose in the case of CII, CIII, XCVIII, 
XCIV and Miller Stalk 3 Nos. 1, 2 and 3. The amounts of 
gas formed from saccharose also undergoes a like shading 
down, but its formation in appreciable quantities continues 
beyond the point where the formation of gas from dextrose 
ceases. Beginning with Potter’s Bacillus there is a group 
which does not form visible gas from either dextrose or saccha- 
rose, but is able to form it from lactose. The remaining cul- 
tures in this table have never produced visible gas in the 
fermentation tubes in any of the determinations which have 
been made. 

Riverhead Stalk 3 No. 1 is a significant member of the 
eroup connecting this last group with the one preceding it 
since in the earlier studies of this organism it fermented 
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lactose with evident gas formation, -but in all of the later 
studies it failed to produce gas even after having been re- 
vivified. Although this germ apparently lost its ability to 
produce gas after the beginning of this study it should not 
be concluded that this was the rule, as it was really an ex- 
ception. Owing to the stimulating effects of revivification 
which was practiced only, during the latter part of the study 
a very considerable number of germs formed gas during the 
later tests when they had not done so during the earlier ones. 

The fermentation tube has been largely used in the past to 
differentiate closely related species. It might be concluded 
in the light of the contradictory resuits which have been ob- 
tained in this study that the fermentation test is really of 
little value for this purpose. - Such a general conclusion does 
not logically follow from this data because the particular 
group of organisms which have been studied here chance to 
lie on the very border line of visible gas formation and ac- 
cordingly are not typical of germ life in general. 

The fact that this group does lie on the border line of visible 
gas formation is shown by the fact that the amount of gas is 
small in most cases, in some cases only a small bubble appear- 
ing in the fermentation tube, and also by the failure of even 
this small amount of gas to appear in a considerablé propor- 
tion of the tests with some of the strains. 

The crudeness of the fermentation tube as a measure of the 
total gas formation is well brought out by Keyes.** He found 
in his study of B. coli that the total gas produced under com- 
parable conditions in the fermentation tube and in a vacuum 
were in the ratio of 12.4 to 99.9. 

In considering the importance which should be attached to 
the results obtained with the fermentation tube it should be 
remembered that all forms of living protoplasm respire gases 
and with the bacteria the carbon dioxide of respiration is an 
easily measurable quantity even with those forms which show 
no evidence of gas formation in the fermentation tube. The 


*Keyes, F.G. The gas production of Bacillus coli. Jour. Med. Research, 
N. S., 16: 69-82. 1909. . 
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failure of the gas to appear in the tube is due to its-solution 
in the liquid media and partial diffusion through the open arm 
of the tube. The ability of the liquid to hold appreciable 
amount of gas in solution is illustrated by the bubbles of gas 
which appear in the top of the tube after the medium has 
been heated in the sterilizing process and again disappear on 
cooling. i 

While exact measurements are lacking it is probable that 
the gas of respiration does not nearly saturate the fluid in 
the fermentation tube so that the appearance of gas in 
the closed arm does not mark the beginning of the true fer- 
mentative action but rather a somewhat advanced stage of this 
action. Conversely, when dealing with a group of cultures 
which are on the turning point of the formation of visible 
gas, the failure of the gas to appear does not necessarily mean 
that the ability to ferment the sugar in question has been lost 
but rather that it has been so diminished as not to super- 
saturate the fluid in the tube. The fact of the continuation 
of the growth in the closed arm and of the formation of acid 
in these fermentation tube cultures lends color to the idea 
that the sugar is still being attacked in the same general way 
though less vigorously than before. 


CLASSIFICATION. 

Classification in a case like this may serve either of two 
distinct ends. It may assist future students to recognize the 
relationships of cultures which they may study dnd it may be 
of service to the farmer in showing whether the form which 
is present on a given crop will be dangerous to a succeeding 
crop which he may desire to grow later on the same soil. 
Because of the limited knowledge of germ life which is now 
available, any classification of such forms must be considered 
as tentative and as merely expressing the judgment of the 
authors concerning the relationships under discussion. In 
this connection it should be stated that some of the doubtful 
points in this classification were referred to six of our friends 
whose judgment was considered as of especial value in such 
matters. There was such a wide variation in what they con- 


New York AGRICULTURAL EXPERIMENT Station. 127 
sidered the proper course to follow that it has seemed best to 
confine the present publication largely to a presentation of 
the facts as observed and leave at least the more complicated 
portion of the classification until after the discussion of the 
pathology of these cultures. 

It was brought out in Table II that these 43 cultures are 
practically identical with regard to the 38 headings under 
which they were there compared and that the only observed 
differences were those of fermentative ability which were 
clearly expressed by the group numbers. 

It is seen from Table III that the first 15 cultures there 
given are identical in their fermentative ability in that all of 
them produce visible gas in the fermentation tube from dex- 
trose, lactose and saccharose. If the principle is accepted 
that a single well demonstrated, positive result is conclusive 
the 18 additional cultures down to and including Miller Stalk 
3 No. 1 must be held to be identical with the first 15. 

Of this group of 33 cultures having the group number B. 
221.1113022, Bacillus carotovorus Jones is the oldest described 
species and should be taken as the true representative of this 
collection of cultures. The two other cultures which have 
been described in literature as bacterial species, Bacillus om- 
nivorus van Hall and Bacillus olereaceae Warrison, are 
clearly identical with Bacillus carotovorus and there is no 
further occasion for continuing to recognize. them as distinct 
species. 

Continuing the arrangement of the cultures on the basis of 
the results from the fermentation tube the next group would 
have the group number B. 221.1123022 and is represented by 
the single strain Vermont XLVIII. This culture ferments 
dextrose and lactose with visible gas formation, but no ap- 
parent gas is formed from saccahrose. 

Mathematically the next group has the group number B. 
221.1213022 and is likewise represented by a single strain, 
Vermont C. This group is characterized by the failure to 
form visible gas from lactose. 

The next possibility is the failure to form gas from dextrose 
while forming it from the other two sugars under considera- . 
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tion and this group with a group number of B. 221.2113022 
is represented by Vermont LIV and 0.2e. The faintness of 
the boundaries between these groups is shown by the case 
of 0.2e where in two determinations gas was actually formed 
in a single fermentation tube in each case. This result has 
not been accepted as conclusive because in neither case were 
the results from the accompanying tubes accordant. 

The next group bears the group number B. 221.2123022 and 
is represented by Potter’s Bacillus and Riverhead Stalk 
3 No. 1. The former is a good illustration of the group while 
the latter forms a connecting link with the following group, 
since while it formed visible gas from lactose in the earlier 
tests it failed to do so during the latter studies and but for 
the earlier determinations would be included in the following 
group. 

The series of groups is closed with a group of four cultures 
in which there was no visible gas formed from any of the 
sugars at any of the tests. This has a group number of 
B. 221.2223022 and Bacillus aroideae Townsend, is the only 
named species. Spieckermann’s Bacillus was isolated and 
described at an earlier date, but was not given a specific name. 

Summarizing this arrangement on the basis of the results 
from the fermentation tube test with dextrose, lactose and 
saccharose we have the following: 

B. 221.11138022 Bacillus carotovorus Jones and 32 other 
cultures. 

221.1123022 ° Vermont XLVIII. 

221.1218022 Vermont C. 

221.21138022 Vermont LVI and 1 other culture. 
221.2128022 Potter’s Bacillus and 1 other culture. 
221.2223022 Bacillus aroideae and 3 other cultures. 


PRA 


It will be observed that the two possible groups of .221 
and .122 are not represented. It is really surprising that in 
a collection of 48 cultures there should have been examples 
of six different groups and there is no apparent reason why 
a study of a larger number of cultures should not bring out 
these missing ones. 
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The above arrangement is one which will appeal to the 
students of this field because it clearly summarizes the ob- 
served results and provides a type for all of the cultures 
which will be found except those which belong to the missing 
eroups above referred to.. Unfortunately this clearness of 
classification is more apparent than real, since practically 
each successive determination of the collection of cultures 
led to a rearrangement of the representatives of the various 
groups with a gradual shifting toward the upper groups be- 
cause of the greater importance placed on a positive result 
than on a negative one. The final accumulation of 33 cultures 
in the upper group is largely the expression of the continued 
action of the law of chance and had the study continued longer 
this group would undoubtedly have been correspondingly en- 
larged. 

An inspection of Table III shows that while some of the 
organisms gave constant results at the various determinations 
a considerable number vibrated from one end of the above 
set of group numbers to the other at different determinations, 
often being classed temporarily with a number of the inter- 
mediate groups. Under such circumstances the above classi- 
fication is seen to represent divisions which are too shifting 
and transient to be designated as species. 

While the authors do not desire to be dogmatic in this con- 
nection the conception has been forced upon them during this 
study extending over a series of years that they were dealing 
with a group of organisms which were very closely related 
and which combined a remarkable stability and uniformity 
with regard to practically all of their culture characteristics 
with a remarkable variability with regard to the results from 
the fermentation tube test with certain sugars. It would 
seem that the correct explanation of this apparent variability 
was the fact that the entire group had a very weak fermenta- 
tive ability and the gas formed from the sugars in question 
was approximately equal to the amount required to saturate 
the fluid in the fermentation tube and provide for the diffu- 
sion which is unavoidable in that test. With the changes 
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in the fermentative vigor of the culture, concerning the details 
of which comparatively little is known, the amount of gas 
produced fluctuates above and below this saturation point 
giving the accompanying positive and negative results based 
on the presence or absence of visible gas in the closed arm of 
the fermentation tube. 

The important fact of this fluctuation having been recog- 
nized it is a matter of little consequence to the scientist 
whether it is maintained that there are six species or only 
one. It should be mentioned in passing that the idea of 
species as originally conceived is entirely inapplicable to 
bacteria since it was based on morphological similarity 
coupled with an ability to produce fertile offspring. Mor- 
phologically the entire bacterial world can be divided into 
only a few groups and sexual reproduction is entirely lacking. 
In the present instance it seems to the authors that the only 
possible basis for recognizing more than one so-called species 
in connection with the present group of cultures must lie in 
the relation of the parasite to the host and since that part of 
the subject will be treated in a succeeding publication the 
matter of classification will be dropped at this point. 


DETAILED DESCRIPTION. 


On the Classification Card of the American Society of Bac- 
teriologists in addition to the group number and the material 
given in Table II, there is a provision for the detailed char- 
acteristics of the organism in question. It was the original 
intention to present this description for the typical repre- 
sentative of each of the groups of cultures as given above, 
but when these descriptions had been prepared it was found 
that they were practically verbatim copies with the exception 
of the fermentation of sugar which has already been dis- 
cussed. Accordingly the description of Bacillus carotovorus 
Jones will be given and with the exceptions just noted this 
may be accepted as applying to the entire collection of 
cultures. 


Hm CO 
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Bacillus carotovorus Jones. 


For group number and brief characterization see page 110. 


I. MORPHOLOGY. 


1. Vegetative cells. Medium used, agar slope at 20-25° C. 
1-2 days old; Form, short rods, long rods, short chains, 
long chains; Limits of size, .7 to 1x 1.5 to 5; Size of 
majority, .8 by 2; Ends, rounded. 


. Endospores, none. 


. Flagella, 2 to 10; Attachment, peritrichiate; How stained, 
Pitfield, Lowits, Fischer. 

. Capsules, none. 

Pseudozoogloea, present, slight. 

. Involution forms, not observed. 


. Staining reactions. Stains well in watery fuchsin, gentian 


violet, carbol fuchsin, Loeffler’s alkaline methylene blue ; 
Gram, negative. 


II. CULTURAL FEATURES. 


. Agar slope. Growth, abundant; Form of growth, filiform 


to spreading; Elevation of growth, effuse to raised; 
Luster, glistening; Typography, smooth to contoured; 
Optical characters, opaque to opalescent. 


. Potato. Growth, moderate to abundant; Form of growth, 


filiform to spreading ; Elevation, effuse to raised; Lustre, 
glistening; Typography, smooth to contoured ; Chromo- 
genesis, white on all media; Odor, decided ; Consistency, 
butyrous; Medium, grayed, but not discolored in the 
customary meaning of that term. 


. Agar stab. Growth, best at top, abundant, wide-spread- 


ing; Line of puncture, filiform. 


. Gelatin stab. Growth, best at top; Line of puncture, fili- 


form; Liquefaction, crateriform to infundibuliform ; Be- 
gins on 2d day at 20° C.; Complete in 6 days with some 
cultures and not in months with others. 
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6. Nutrient broth. Surface growth, pellicle thin and some- 
times absent; Clouding, moderate to strong, persistent ; 
Odor, decided; Sediment, compact to flocculent, usually 
abundant. 

7. Milk. Coagulation, usually on 3d day at 20° C.; Coagu- 
lum, very slowly and slightly peptonized, and not com- 
plete in months, digestion not clearly evident to the 
eye; Medium, slightly browned. 

8. Litmus milk. Acid, litmus reduced. 

9. Gelatin colonies. _ Growth, rapid; Form, punctiform to 
round; Depression, crateriform; Edge, entire; Lique- 
faction, saucer. 

10. Agar colonies. Growth, rapid at 20-25° C.; Form, round, 
occasionally irregular, deep colonies fusiform; Surface, 
smooth; Elevation, raised to conver; Edge, entire to 
undulate; internal .structure, amorphous to coarsely 
granular or even grumose. 

13. Cohn’s solution, no growth. 

14. Uschinsky’s solution, abundant. 

18. Best medium for long continued growth is peptone 
bouillon. 

19. Quick test for differential purposes. Slices of uncooked 
carrots, turnips and cabbages. 


III. PHYSICAL AND BIOCHEMICAL FEATURES. 


1. Fermentation tubes. Gas** produced in small amounts 
from dextrose, lactose and saccharose, but not from 
glycerine; Growth in the closed arm with dextrose, 
lactose and saccharose, but not with glycerine; Acid pro- 
duced from dextrose, lactose, saccharose and glycerine. 

3. Nitrates in nitrate broth reduced to nitrites. 

4, Indol production feeble. 

7. Optimum reaction for growth in bouillon in terms of 
Fuller’s scale, 0. 


* See page 117. 
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8. Vitality on culture media, moderate. iy tas ! 

9. Temperature relations. Thermal death point, 48-50° C.; 
Optimum, 25-30° C.; Maximum, above 38° C.; Mini- 
mum, below 10° C. 

10. Killed readily by drying. 

12. Sunlight. Exposure, not on ice, at midday in Sept. showed 
decrease after 1 minute, increasing to destruction of 
90-100 per ct. after 20 minutes. 


IV. Pathogenic to many fleshy vegetables of the North 
Temperate Zone. 


CONCLUSIONS. 


A considerable number of the cultivated plants in the North 
temperate zone suffer at times from a bacterial soft rot caused 
by a non-chromogenic, liquefying bacillus. 

This comparative study of forty-three pathogenic strains 
derived from six different vegetables indicates that the results 
of fermentation tube tests with dextrose, lactose and saccha- 
rose offer the only usable cultural basis for differentiating 
these strains. However the cultures of the entire group have 
a weak fermentative power which, with very few exceptions, 
produces only a little more than enough gas to become evident 
in the fermentation tube. At other times the same strains 
produce no gas at all. These variations make the results of 
the fermentation tube test an unsatisfactory basis for 
classification. 

Unless later studies of the pathogenicity of these cultures 
shall offer a basis for subdividing them, there is no apparent 
reason why they should not all be considered as somewhat 
variant members of a single botanical species. 


TI. PECTINASE, THE CYTOLYTIC ENZYM PRODUCED 
BY BACILLUS CAROTOVORUS AND CERTAIN 
OTHER SOFT-ROT ORGANISMS} 


L. R. JONES. 
INTRODUCTION. 

Two of our earlier publications (1900, 1901) have given 
detailed accounts of a bacterial soft rot of carrot and other 
vegetables due to the organism, Bacillus carotovorus. In the 
first of these articles it is stated (1901 :304,312)? that “ micro- 
scopic examination of the decaying carrot tissues has shown 
that the organism invades the intercellular spaces, and multi- 
plies there with enormous rapidity. The middle lamellae of 
the adjacent cells appear to be soft- 
ened or destroyed by the secretions of 
the bacteria, since isolation of the 
cells in invaded tissue occurs, but the 
bacteria have not been observed in 
the interior of the cells of the re- 
cently disorganized tissues. ........ 
This (action on the middle lamella) 
is probably due to an enzym of the 
nature of cytase excreted by the bac- 
terial sea oie 2 Oa ee 
It seems probable that the further 
study of the bacteria concerned with 

Fic. 1. Carrot-roor the soft rots of plants will swell the 
Sa EL oe pacts list to a considerable number of or- 
By B. carotovorus. ganisms which resemble the above and 
ie (fotonlasm is: bits each other‘more or less closely in their 
confined to the intercel- physiological characters.” : 
ee ordi Byarian rie te It appears, therefore, that a fuller 
rupture, as in the upper understanding of the _ cell-wiall-dis- 
left-hand cell. solving or other enzyms produced by 
such bacteria is desirable for two practical reasons: First, 


‘The laboratory studies upon the enzym here discussed were made during 
the years 1901-04, and this manuscript was prepared at their completion 
in 1904. Owing to the plan of co-operation, as explained in Part I, this 

[134] 
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because the parasitism in each case seems directly associated 
with and probably dependent upon the power to produce such 
an enzym. Second, because these soft rot organisms are so 
much alike as to make the question of their specific relationship 
an extremely complex one which must ultimately be settled 
largely by appeal to physiological characters, including their 
ability in parasitism, and it would seem that their enzym pro- 
duction might prove of value in this connection as a differential 
character. Another interesting question of fundamental im- 
portance concerns the relationship of the cytolytic enzyms, or 
cytases, from various sources. We have attempted to deter- 
mine whether the enzym here dealt with is identical with 
those obtained by de Bary (1886)? and Ward (1888) from 
certain fungi, by Brown and Morris (1890) and later investi- 
gators from seeds and by Potter (1899) and others from soft 
rot bacteria. 

In the progress of these investigations a detailed study was 
first made of the enzym as produced by the carrot-rot organ- 
ism, including a comparison of its action when secured in 
various ways apart from the living bacillus, and also as ob- 
served upon the sundry vegetable tissues. Thereafter a com- 
parison was undertaken of the characteristics of the enzyms 
secured from the soft-rot organisms of several other vege- 
tables and finally with wall-dissolving enzyms produced by 
Other classes of bacteria, by fungi and by germinating seeds. 
In the following discussion of the results it will conduce to 
clearness and directness of statements to follow a somewhat 
similar order. It might seem more logical to begin with a 


publication has awaited the conclusion of the associated morphological 
studies, except for a summarized account of the work which appeared in 
the “ Centralblatt fiir Bakteriologie und Parasitenkunde,” 1905, (see Bib- 
liography). Inasmuch as no important contribution to the subject has 
come to our attention meanwhile, it has seemed best to leave the manu- 
script unaltered, and to add no titles to the bibliography later than 1905. 

An important part of the work of the author was done in the botanical 
laboratory of the University of Michigan where he profited from the advice 
of Professor F. C. Newcombe. In the investigations carried on in his own 
laboratory in Vermont, valuable assistance was had from two of his 
students, Messrs. H. D. Bone and L. P. Sprague. He gratefully acknowl- 
edges his indebtedness to these gentlemen. 

*All citations to the bibliography follow the plan of giving in parenthesis 
after the author’s name the year of publication, followed where desired 
with the page numbers specificially referred to. 
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detailed discussion of the action of the enzym upon cell walls. 
In pursuance of the above plan, this is deferred and it must 
here suffice to state that the action consists in the softening 
and swelling of the walls and ultimately in the complete solu- 
tion of their middle lamellae in susceptible vegetable tissues, 
but that in all cases it stops short of complete solution of the 
cell membrane, a residue of cellulose always remaining. 

The studies here reported upon were carried on at various 
times during the years 1901-1904. The strain of the carrot- 
rot organism used has been the same throughout and is that 
isolated from decaying carrot tissues in 1899 and since car- 
ried in culture, practically all of the time in beef broth, at the 
ordinary laboratory temperature, 16°—22° C. 

The question has arisen as to whether during this time 
reduction has occurred in -pathogenicity and rate of enzym 
production. Van Hall (1903) found that his iris rot organ- 
isms lost pathogenicity to iris after only four weeks in labora- 
tory culture and his experience with these led him to expect 
this as a rule with such organisms. Laurent’s (1889) and 
Lepoutres’ (1902) experiments suggest a like probability. 
Potter (1900:445) found no such rapid loss of pathogenicity 
in his turnip rot organism. 

In the case of B. carotovorus there has, in our judgment, 
been a considerable decrease in pathogenicity since our first 
trials of 1899. The change has, however, been a gradual one 
rather than rapid or radical, and, therefore, difficult to esti- 
mate. The virulence and rate of invasion of tissues has always 
varied with vegetables and environmental conditions, but it 
is certainly less vigorous in attacking even the more suscep- 
tible plants now than it was in our earlier inoculation ex- 
periments. <A culture of ths organism was sent to Messrs. 
Harding and Stewart of the New York Experiment Station 
in 1902. They reported it actively pathogenic at first, 1902, 
but wrote us a year later that it had lost practically all 
pathogenicity. Meanwhile our own cultures had not changed 
in any such radical way. In ‘this connection it is worthy 
of remark that Harding and Stewart kept their cultures on 
agar whereas ours were carried in broth. B. carotovorus is 
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remarkably sensitive to desiccation as shown in our earlier 
work (1900 :528). It seems to us not unlikely that the weaken- 
ing observed at the New York Station may have resulted from 
the intermittent desiccation incident to its culture on agar. 

Exact estimates as to relative ability in enzym production 
Shown now and formerly are even more difficult to make than 
are those as to pathogenicity. Our first isolations of enzym 
were made in 1901. We have compared some of the preserved 
samples of these earlier enzyms with those isolated in 1903. ° 
Those of 1901 were certainly more active than those of 1903. 
This difference might, however, possibly be accounted for by 
variations in medium and vigor of development as shown later 
in this article. 

In our judgment, along with the loss of pathogenicity there 
has been a corresponding decline in enzym-producing power, 
but both of these have been so gradual as to be hard to estimate 
quantitatively. 

The first thing undertaken in the course of these investiga- 
tions was to determine whether the softening of the tissues 
associated with the invasion of this bacillus was certainly 
due to an enzym, and whether, if so, the enzym was separable 
from the organism. Five methods were tried with the object 
of securing such enzym, if it existed, apart from the organism, 
viz., (1) heat, (2) filtration, (8) germicides, (4) diffusion 
through agar, (5) precipitation by alcohol. 

The first three methods involved, in all cases alike, the fol- 
lowing procedures: The cultivation of the organism in beef 
broth for periods varying from three to fourteen days; the 
treatment of such cultures by the methods under trial; the 
determination of the sterility in the broth so treated; in case 
sterility was secured, the testing of the cytolytic activity of 
this sterilized broth by immersion in it of sterile blocks cut 
from fresh uncooked carrot or turnip roots, or from potato 
tubers or of cotyledon of immature pea; finally, tests to 
determine the continued sterility of the broth during this 
last trial period. In all cases where chemicals were used 
control trials were made to be sure that the chemical itself 
was not the cause of the changes observed. 
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STUDIES WHEREIN THE ENZYM WAS ISOLATED BY 
vy’ HEATING. 


The thermal death point of the carrot-rot bacillus was care- 
fully determined in connection with our earlier studies. It 
was found that recently inoculated thin-walled-tube cultures 
immersed for ten minutes at 51° C., or slightly under this, are 
rendered sterile.® 

Previous studies (cf. Green, 1901: 98) upon cytolytic en- 
zyms have shown that when in solution they are destroyed 
by heating to a temperature of 60°—65° C. It seemed probable, 
assuming that we are dealing with the same or a similar 
enzym, that there might be an intermediate temperature where 
the organism would be destroyed and the enzym left in the 
solution. This matter was tested by cultivating the organism 
in beef broth, heating these cultures to sterilize, making trans- 
fers to prove sterility and inserting bits of sterile carrot or 
other fresh vegetable tissues to determine enzym action. 

The details of a single experiment will suffice to make clear 
the methods and aid in interpreting the results. 


A series of six 10 ¢. c. beef broth cultures seven days old 
were immerséd for ten minutes in a water bath of which the 
temperature was held at 55° C. These tubes were of thin 
glass about 15 x 1.5 cm. in size, immersed in the water three- 
fourths of their depth. The original reaction of the broth 
was +1.5%. To make sure of continued sterility transfers 
were made from the tubes soon after leaving the bath and 
again at the close of the experiment. Immediately after 
heating, a small block of living carrot tissue, cut from the 
interior of the root with proper precautions to insure sterility, 
was inserted into each tube. Like blocks of tissue were put 
into control tubes of each of two kinds, first, sterile uninocu- 
lated broth, and second, living broth cultures of the same age 
as the ones heated. The result was that the tissues in sterile 
uninoculated broth remained unsoftened, those in the living 
cultures rapidly softened and were fully decomposed in three 


* The above trials were first made in 1899 and repeated with like results 
in 1901. A careful repetition in 1903, using the same methods, showed a 
thermal death point fully one degree lower. This is doubtless the result 
of long cultivation in the laboratory. It is simply a matter of biological 
interest, which does not in any way affect the methods or results of the 
enzym studies discussed above. | | 
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or four days, while those in the heated tubes showed a similar 
but slower softening, requiring ten days for full action. 


In other experiments sterile blocks cut from turnip root and 
cotyledons of immature peas were used and were similarly 
softened. The results were fairly uniform and satisfactory. 
Various cultures so exposed at temperatures of 54°, 55°, 58°, 
60°, 62°, 63°, 64°, 65°, 68°, 73° were rendered sterile in prac- 
tically all cases. There was distinct cytolytic action in the 
sterile broths heated at the lower temperatures and none in 
those heated at the higher. There was, however, evident in- 
hibition of activity even at the lowest of these ag is shown 
in the experiment just described. Heating at 60°-62° inhibited 
the action to a marked degree as compared with 58° and in 
all cases, except one, heating at 62° entirely checked the ac- 
tivity. In only one case did any action occur in tubes heated 
at 63° and that was probably explainable on the ground of 
erroneous reading of temperature, since a repetition of the 
work gave results in harmony with the other series. No ac- 
tion occurred in any tube heated above 63°. The point of 
total inhibition of the cytolytic action as determined by this 
method, therefore, lay at or about 62° and there was marked 
decrease at all temperatures above 58°. Certain temperature 
relations will further be discussed later. 


STUDIES WHEREIN THE ENZYM WAS SECURED BY 
FILTRATION. 


It seemed probable that if the enzym were in solution out- 
side the bodies of the bacilli it would pass through the por- 
celain bacterial filters and so be obtained apart from the or- 
ganisms. Broth cultures of ages varying from seven to four- 
teen days growth have on six different occasions and with 
different bougies been passed through the Pasteur-Chamber- 
land filters and the sterility and enzym content of the filtrate 
tested. There has been no difficulty in securing sterility with 
Pasteur-Chamberland filters, although earlier attempts with 
thinner walled and probably less perfect bougies were not 
successful. 
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Numerous trials were made by immersing in this sterile fil- 
trate sterile cubical blocks cut from fresh roots of carrot and 
turnip and from potato tubers and also cotyledons of young 
peas, either fresh or those which had been for some time in 
sterile broth. In all cases alike these tissues were softened 
with solution of the middle lamella as in the presence of the 
living organisms. The detailed record of a single experiment 
will suffice. 


In each of six tubes containing 10 c. c. of the sterile filtrate 
was introduced a carrot block about 3 mm. in diameter. At 
the end of twenty-four hours there was perceptible softening 
over the surface of these blocks and at the end of three days 
they were softened throughout. Potato blocks of similar size 
tested in the same way showed the first signs of softening on 
the fifth day and required ten days for complete softening. 

These experiments and other similar ones that might be 
cited, including .trials with razor sections under the miscro- 
scope, showed that the lamella-dissolving enzym was in solu- 
tion in the broth outside of the bodies of the bacilli. .The 
question arose, however, as to whether the filtrate possessed 
the full enzymic activity of the original broth. It is conceiy- 
able that the bodies of the bacilli contain much of the enzym 
which gradually diffuses into the external liquid even after 
their death, and also conceivable that the filter may retain 
some of the enzym which was diffused in the original broth. 
To gain information on these points the enzymic activity of 
the filtered sterile broth was compared at various times with 
unfiltered broth cultures and with cultures of broths sterilized 
by the addition of chemicals. In one series of trials thin razor 
sections from roots of each carrot and turnip were immersed 
in (a) culture broth sterilized by filtration, (b) culture broth 
sterilized by a 20% addition of chloroform, (c) solutions of 
alcoholic precipitate from culture broth. The solutions (b) 
and (c) acted about alike, whereas (a) required at least twice 
as long to disintegrate the tissues Similar trials made later 
using razor sections of turnip showed no difference of im- 
portance between the cultures containing the living organism 
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and sterile broths like (b) and solutions like (c). A detailed 
discussion of these points occurs later. 

Similarly sterile blocks from living carrot root were placed 
in the filtrate in comparison with like blocks in living cultures 
and others in broth plus 10% of chloroform to sterilize. The 
latter were shaken thoroughly and sterility proved. The car- 
rot tissues in the living cultures and in the tubes sterilized by 
chloroform were alike softened in three days, whereas the 
blocks in the filtrate were more slowly acted upon, requiring 
pine days for full action. Still further evidence of this rela- 
tion of filtration to enzym content was obtained by the method 
of alcoholic precipitation to be discussed later. Samples of 
filtered and unfiltered cultures were rendered 80% alcoholic 
and the filtered yielded only one-fourth ag much of the enzym- 
containing precipitate as did the unfiltered. Moreover five 
per ct. solutions of each of these tested upon razor sections of 
carrot and turnip showed the enzymic action of the unfiltered 
fully twice as rapid as that of the filtered. Taking into con- 
sideration both the relative amounts and the relative strengths 
of these solutions, it would seem from this last trial that pos- 
sibly four-fifths of the enzym was lost by filtration through 
the porcelain. 

Comparisons and conclusions.—All these experiments give 
like evidence that passage through the Pasteur-Chamberland 
filters as used in these trials reduces decidedly the enzym con- 
tent of the broth, although it does not remove all of it. Just 
why this retention of the enzym occurs has not been deter- 
mined. As ialready suggested, this may be in part, at least, 
the enzym contained within the bacterial cells and which would 
later diffuse into the surrounding liquid; or it may be in part 
or wholly external to these cells either closely associated with 
the bodies of the bacteria and so retained with the bacterial 
slime in the porcelain; or it may be that the filter removes 
some of the enzym content which is diffused or in solution 
in the broth. The results of Freudenreich (1899) point to 
the latter conclusion. He attempted to clarify cheese extract 
for qualitative analysis by passing through Chamberland fil- 
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ters. He found that although the crystallizable and diffusibie 
nitrogenous compounds (amids) passed through the bougies, 
some 90% of the soluble protein matter might be held back. 
Although all the bougies used by him retained considerable 
of the nitrogenous matter his trials showed that this passed 
much more fully through a new one than through the same 
after it had been used several times. In later trials (1900) 
he passed milk through these filters and found that the enzym 
galactase was removed thereby. 

These experiments of Freudenreich came to our attention 
after we had completed our filtration experiments. In review- 
ing our records in their light we find that we used new filters 
or those which had been used for similar work only a few 
times. We are assured, therefore, that even the new bougies 
largely reduced the enzym content and that none that we 
employed, some of which had been used several times, wholly 
eliminated it. 

The results of others who have tested the relation of filtra- 
tion to enzym content of cultures of similar soft-rot bacteria 
may profitably be reviewed in this connection. 

Potter (1900. 448) found that filtration through Pasteur- 
Chamberland filter did not remove the enzym produced by his 
Pseudomonas destructans. Laurent (1899) found similar bac- 
terial enzyms to pass through porcelain while Spieckermann 
(1902) found that after passing culture broths through the 
Reichel porcelain filter the sterile broth had not the least en- 
zymic action. Van Hall (1902) found that the juice expressed 
from potato decayed: by the invasion of B. subtilis when passed 
through the porcelain filter retained the property of rapidly 
destroying the potato tissue. He also found (Zeitschr. f. 
Pfky., 1903) similar but weakened action in the juice from 
iris invaded by his Bacillus omnivorus, when this was passed 
through a porcelain filter. In other trials he found filtered 
broths lost all activity. We are at a loss to reconcile some 
of these results with our own and the others except by ap- 
pealing to differences in the filters. 
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STUDIES WHEREIN THE ENZYM WAS ISOLATED BY 
THE USE OF GERMICIDES. 

The preceding results were satisfactory so far‘as they went, 
but it was manifestly desirable to find some simpler method 
of procedure. Two serious objections to the preceding meth- 
ods should be eliminated if possible, namely, first, that pre- 
cautions are necessary to insure the sterility of the broths 
during prolonged study subsequent to filtration; and, second, 
the ever-present danger that the method used to eliminate the 
organism may at the same time remove or weaken the enzym. 
It seemed probable from the experience of others who have 
studied similar enzyms that some chemical added to the cul- 
tures would kill or wholly inhibit the bacillus without de- 
stroying the enzym or interfering with its activity. With this 
hope, trial was made of additions of formalin, phenol, thymol, 
and chloroform, respectively, to beef broth cultures. In con- 
sidering the results reference was also made to related experi- 
ments, to be discussed in detail later, where similar additions 
of these chemicals have been made to solutions of the enzym- 
containing alcoholic precipitates. 


FORMALIN. 
The relation of formalin, both to the life of the organism 
and to the activity of the precipitated enzym, has been deter- 
mined. It has been found that both the organism and the 
enzym are extremely sensitive to this chemical. Since, how- 
ever, the organism is more so it is possible so to gage the 
amount as to sterilize the broth and leave the enzym active. 
These conclusions are based upon experiments made by the 
addition of varying proportions of formalin, both to the beef 
broth cultures and to solutions of the precipitated enzym. 
Some hundreds of such additions have been made to beef broth 
cultures, including the following strengths, and numerous 
trials each of many of them: Formalin, 0.03%, 0.06%, 
0.08%, 0.095%, 0.18%, 0.33%, 0.46%, 0.57%. 
The detailed account of a single series will suffice to explain 
the general method and results. All this work was carried on 
at temperatures of 18°—22° C. 
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To ten broth tube cultures, 10 ¢. c. each, formalin was added 
as follows and the tubes then thoroughly shaken: Two tubes 
(1 & 1’), 0.57% formalin; two tubes (2 & 2’), 0.46%; two 
tubes (8 & 3’), 0.83%; two tubes (4 & 4’), 0.18%; two tubes 
(5 & 5’) 0.095%. Two tubes (6 & 6’) containing sterile 
broth were included to serve as controls. On the third day 
transfers made from these to sterile broth proved the sterility 
of all. On the fifth day, a sterile cube 5 mm. in diameter, 
cut from the interior of fresh carrot was inserted into each 
tube. On the eleventh day the carrot tissues in tubes 1, 1, 
2, 2’, 3, 3’ 6, 6’, were not softened; those in 4, 4’, 5, 5’, were 
completely softened. On the fourteenth day 3, 3’, were sof- 
tened somewhat; others unchanged. On the twenty-third day 
3, 3’, further softened; 2, 2’ softened somewhat but less than 
3, 3’. -On the thirty-third day 1, 1’, and 6, 6’, showed no 
softening; others completely softened. Final transfers to 
sterile broth showed all tubes sterile at the close of the trial. 

As a result of similar series, repeating the above and using 
other strengths of formalin, the following conclusions have 
been reached. The addition of 0.1% formalin is sufficient to 
sterilize a beef broth culture of B. carotovorus one to ten days 
old, providing the tube is thoroughly shaken. More formalin, 
0.2% or even more, may be needed if not thoroughly shaken. 
The presence of 0.6% or more formalin completely inhibits 
enzym action; amounts as low as 0.38% retard to a marked 
degree. There was perceptible retardation from 0.06% for- 
malin, although this amount was too slight to sterilize with 
certainty. In all the above trials the formalin acted on the 
broth several days before its relation to the enzymic activity 
was determined. 

Trials were also made to determine the effect of formalin 
additions to solutions of the enzym obtained from broth cul- 
tures by precipitation with alcohol. The activity in these 
cases was determined by trial on razor sections.of carrot roots. 
The results were in accord with those just discussed, viz., a 
slight but appreciable retardation from 0.05% addition, and 
almost complete inhibition where 0.5% was added. In these 
latter trials the formalin was added to the enzym solution 
some time before the cytolytic activity of the mixture was 
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determined. The results led us to abandon further work with 
formalin. 

After the preceding work with formalin was completed, 
however, Spieckermann’s article (1902: 166) reached our hands 
in which he reports that a 0.2% solution of formalin sterilized 
the cultures of the soft-rot organism of cabbage with which 
he was working and did not inhibit the action of the cytolytic 
enzym, at least for several hours. We, therefore, undertook 
to learn the relative rate of action of formalin upon each, 
B. carotovorus and its enzym, by adding to broth cultures 
0.2% of formalin, shaking thoroughly and testing both viability 
and enzym action at frequent intervals. It was found in the 
first series of trials that at the end of twenty-four hours the 
activity of the enzym was not appreciably lessened, at the 
- end of forty-eight hours there was slight retardation and this 
was pronounced at the end of seventy-two hours. On the 
other hand transfers at the end of only three hours showed 
most of the organisms to be dead or so affected that growth 
was slow in starting and at the end of forty-eight hours the 
broth was sterile. 

In a second series of trials the broths were tested at more 
frequent intervals. This again showed the organisms to be 
killed before the enzym was fully destroyed, but the retarda- 
tion was more pronounced than in the preceding trials. The 
details are as follows: : 


1. Action on enzym:—Broth cultures six days old; for- 
malin added to make 0.2% solution, thoroughly shaken; cyto- 
lytic action compared with control tubes by testing upon thin 
sections of turnip. Result: After three hours slight retarda- 
tion was evident; after six hours nearly twice as long a time 
was required for the same results in the formalin solution, 
i. e., formalin retarded the action 50%; after twenty-four 
hours still more difference; after forty-eight hours formalin 
solution required five times as long as control; after eighteen 
days it required sixty hours to disorganize sections, whereas 
the control broth did this in one hour. 

In a third series, little if any retardation up to the sixth 
hour; after nine hours the action of the formalin broth re- 
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quired twice as long; after twenty-four hours it required four 
times as long. 

2. Actions on the organism :—Formalin to make 0.2% solu- 
tion was added to broth cultures, thoroughly shaken; trans- 
fers at the end of each two, three, six, and nine hours showed 
erowth. There was, however, progressive retardation. Thus 
the control was clouded in less than twenty-four hours; that 
made at the end of two hours showed clouding first on the 
third day; that at the end of three hours first clouded on the 
fifth day; six hours, on the seventh day; nine hours, on the 
twelfth day. After clouding appeared growth progressed with 
normal rapidity. 

These results show sufficient variation between the different 
trials to forbid sweeping generalizations. They agree, how- 
ever, with each other and with Spieckermann’s results in show- 
ing that the action on the organism is more rapid than on 
the enzym. There was no appreciable retardation of the en- 
zym action until after a period varying from three to nine 
hours, or in.one case twenty-four hours, whereas there was 
marked inhibition in growth of the organisms after two or 
three hours. These results were of such a nature, however, 
as to discourage us from looking to the use of formalin as a 
practical method of sterilizing broths preparatory to the study 
of the normal action of the enzym. If used within two or 
three hours as Spieckermann directs, sterility is not insured ; 
if a longer time elapses, the activity of the enzym will be 
reduced quantitatively at least and conceivably affected quali- 
tatively. :; 

Bliss and Novy (1899: 52) have shown that fibrin, which 
has been acted upon for a short time by formalin, resists 
thereafter the digestive action of proteolytic enzyms. These 
observations raised the question as to whether the retardation 
in the cytolytic action already noted might be in any degree 
the result of the action of the formalin on the wall of the 
vegetable tissues rather than upon the enzym itself. In order 
to determine this, razor sections of turnip and radish were 
immersed twenty-four hours in full strength formalin, then 
washed out in water, and the rapidity of action of enzym 
solution on these compared with that on freshly cut sections 
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and on those which had lain twenty-four hours in absolute 
alcohol. Other similar trials were made where the tissues 
had lain a month in either formalin or in absolute alcohol, 
respectively. All were promptly and similarly decomposed, 
there being no evidence of difference in this respect. The 
inhibiting action of formalin must, therefore, be attributed 
to its effect on the enzym itself rather than on the tissues. 
It is interesting to note in this connection that Bliss and 
Novy (1899: 79) found formalin to inhibit certain enzyms 
(papain, trypsin, amylopsin) and not others (pepsin, malt 
diastase). Von Freudenreich (1900), experimenting upon 
milk enzyms, found that formalin tends to lessen the action 
of galactase more promptly than it does that of pepsin and 
pancreatin. 

It is surprising that Potter (1900: 448) was apparently 
unable to destroy with formalin the organism causing white 
rot of turnip. We are led from our experiments to believe 
that larger amounts of formalin or more thorough agitation 
would have accomplished this. 


PHENOL. 


Seven trials of this, each involving several cultures, were 
made with uniformly satisfactory results. A piece of the 
crystal varying in size from one-fourth to one-half that of a 
pea (i. e., making 0.3% to 0.6% solution) added to a 10 ¢. ¢. 
broth culture and well shaken has never failed to produce 
sterility and there is apparently no retardation of the activity 
of the enzym. To cite a single experiment: 


A crystal of phenol half size of a pea, i. e., making about 
0.5% solution was added to each of six 10 ¢. c. broth cultures 
six days old and thoroughly shaken. On the second day 
thereafter transfers were made to test sterility. No growth 
having developed from these transfers seven days later, steril- 
ity was inferred and a cube of sterile fresh carrot about 5 mm. 
in diameter was added to each tube. In two days’ time all 
those pieces of carrots were fully softened. When compared 
with other tubes sterilized by thymol or chloroform and with 
those containing the living organism such phenol tubes showed 
no evidence of retardation. 
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In other trials it was found that additions of 0.1% and less 
of phenol failed to sterilize and, on the other hand, additions 
of 5% or more totally inhibited the activity of the enzym. The 
phenol was added to the culture in these experiments four days 
before the enzymic activity was tested. . 


THY MOL. 


This proved less satisfactory as a germicide than phenol, 
but chiefly, we think, because of its slight solubility and slow 
diffusion in the broth. If the alcoholic solution is used the 
thymol is precipitated upon contact with water, hence there 
is no gain. Our trials have shown that powdered thymol, 
which floats on the surface of a broth culture, will sterilize 
the surface layer, but that where the culture has stood with- 
out shaking, living organisms persist, at least for many days 
in the deeper parts of the broth. For this reason even large 
amounts of thymol will fail to sterilize in the absence of agi- 
tation, whereas sterility can be secured with small amounts 
by thorough shaking. The following experiments will serve 
to show this. 


A large excess of thymol (2%) was added to each of ten 
broth tube cultures eight days old and a small amount (about 
0.2%) to each of ten similar tubes. All of these were left 
without agitation. Transfers made on the eighth day there- 
after showed living organisms in four of the tubes containing 
the larger amount of thymol and in five of those with the 
smaller amount. On the tenth day living organisms remained 
in three tubes of each series. In another series a crystal of 
thymol equalling about 0.2% of the broth was added to each 
of three ten c. c. broth tube cultures four days old and a tiny 
crystal of about one-fourth this size to each of three other 
similar cultures. These were all thoroughly shaken. Trans- 
fers from these tubes on the second day thereafter showed 
living organisms in all three of these containing the lesser 
amount, but the others were sterile. In all cases pieces of 
sterile carrot inserted into tubes sterilized by thymol have 
been quickly softened without evidence of inhibition. 
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In comparison with the above results it is of interest to 
note that Potter failed to sterilize cultures of his turnip white- 
rot organism by the use of thymol] (1900: 448) ; but the possi- 
bility remains that more agitation would have secured sterility 
in his cultures. 

Kk. F. Smith (1901) found that certain organisms will grow 
in beef broth in the presence of thymol, but his statements 
would indicate that there was little or no agitation of the 
broth. These results force us to question whether full de- 
pendence can be placed on some of the results of Bourquelot 
and Herissey’s work on pectin enzyms, as discussed later in 
this article, since they, apparently, depend on additions of 
thymol water to insure sterility. 


CHLOROFORM. 


Since this is the agent usually employed in enzym studies 
for the inhibition of bacterial growth especial attention has 
been given to the determination of its relation both to the 
organism and the enzym. 

The first experiments to determine this were carried out 
in 1901. In these Powers & Weightmann chloroform of “ U. 
S. P. standard ” strength was used. This was added to broth 
tube cultures, seven to nine days old, in amounts to give 
proportions varying in different experiments from 10% to 
50%. These tubes were shaken, then allowed to stand and 
stratify. The excess of chloroform promptly settled to the 
bottom, but such tubes continued to emit a strong odor of 
chloroform throughout the experiments. Transfers made 
three days later show the cultures to contain living organ- 
isms in all cases. 

During the year 1903, these trials were repeated, using both 
Mallinckbrodt’s “M. C. W. purified” chloroform and the 
“U.S. P.” grades both of this firm and of Powers and Weight- 
mann. These later results were alike in all trials and dif- 
fered from those made in 1901. In every one of these later 
cases where 10% or more of chloroform was used and the tubes 
thoroughly shaken sterility was secured. 
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The details of a single trial will suffice to illustrate the 
method and results. Chloroform was added as follows to 
each of six c. c. broth tube cultures, six days old, shaking 
very thoroughly; to tubes 1 & 1’ added 1 c. c. of chloroform ; 
to tubes 2 & 2’ added 0.5 c. c. of chloroform; to tubes 3 & 3” 
added 0.8 c. c. of chloroform. On the third day thereafter 
transfers from these showed 1 & 1’ to be sterile, whereas the 
others contained living organisms. On the fifth day transfers 
from these latter again showed living organisms. Cubical 
blocks of fresh carrot were placed in tubes thus sterilized with 
10% additions of chloroform and in other similar series steril- 
ized by 25% and 50% additions respectively, and in all cases 
alike they were quickly and fully softened. 

There was no appreciable retardation in the rate of soften- 
ing in any such case as compared with tubes sterilized with 
thymo] or phenol, or even with cultures containing the living 
organisms. 

This matter was of so much importance that further com- 
parative trials were made by using razor sections of turnip. 
There was no appreciable difference in the rate of softening 
as between living cultures and those sterilized by chloroform, 
Thus in one trial, broth cultures four days old were used; 
10% of chloroform was added to each of two of these; after 
thorough shaking immediate trials were made comparing the 
activity with that of similar cultures; no difference was found. 
Again, at the end of the sixth day when the chloroform tubes 
were sterile, comparative trials showed the sterile broth to 
equal in enzymic activity the living control cultures, now ten 
days old. | 

Comparisons and final conclusions.— These results showed 
chloroform to have no inhibiting effect upon the enzym when 
used even in great excess and proved the efficiency of chloro- 
form as a germicidal agent in such work as we were doing. 
At the same time they emphasize the need of painstaking and 
caution if chloroform is relied upon, either to sterilize cul- 
tures or to preserve sterility of enzym solutions as is so fre- 
quently done. 

A comparison of these results with those obtained by others 
will again prove helpful. 
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Brown and Escombe (1898: 16) satisfied themselves that 
the cytolytic enzym of barley is not appreciably weakened in 
its action by a saturated aqueous solution of chloroform. 
Smith (1901) has called attention to the fact that many or- 
ganisms are surprisingly resistant to chloroform and empha- 
sized the point we have just made, as to the need of caution 
in its use. Potter (1900: 448) did not succeed in sterilizing 
cultures of the turnip white-rot organism with chloroform, 
but Spieckermann (1902: 166) found chloroform effective for 
sterilizing the sap of vegetables invaded by his kale rot organ- 
ism. He does not state the amount used nor the method of 
agitation, but it was, presumably, used liberally, and thor- 
oughly shaken. He reports no appreciable retardation of the 
enzym by it unless it be a gradual weakening after long stand- 
‘ing of fifteen days or more. His results were, therefore, sim- 
ilar to ours. | 

Van Hall (1903) used chloroform in his work upon his 
Bacillus omnivorus. His results are surprisingly at variance 
with those of all these others, since he found the addition of 
even 0.5% of chloroform destroyed all trace of activity in 
bacterial juices in one-fourth of an hour. We are unable to 
reconcile this with our experience and in view of all the evi- 
dence must believe him in error in his interpretation of results. 


A COMPARISON OF THESE GERMICIDES. 


The trials of the chemicals previously mentioned were con- 
ducted at about the same time and there were frequent op- 
portunities for comparisons. Toward the close of the work 
a special series of trials was planned as follows in order to 
reach more definite conclusions upon the comparative effect 
of these chemicals on the activity of the enzym. 

A series of ten broth cultures (10 c. c. each) five days old 
was treated as follows: 


To each of two tubes No. 1 & 1’ added 1 c. c. of purified 
chloroform making 10% solutions. To each of two tubes No. 
2 & 2’ added 0.5 c. c. of 2% formalin makine 0.1% solutions. 
To each of two tubes No. 3 & 38’ crystal of thymol (about 
0.05 g., i. e. 0.5%). To each of two tubes No. 4 & 4’ crystal 
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of phenol (about 0.5 g., i. e., 5%). Two other tubes were in- 
cluded in the series; one of these, No. 5, contained sterile 
broth in which the organism had grown for seven days and 
which had then been rendered sterile by passage through the 
Pasteur-Chamberland filter. The other, No. 6, contained a 
living culture of the organism, five days old. Three days later 
transfers made from each tube except the last proved sterility. 
On the same day a sterile cube cut from living carrot root was 
inserted into each of these tubes. Forty-eight hours there- 
after the carrot tissue in tubes 1, 1’, 38, 3’, 4, 4 and 6 were 
alike well softened, there being no evidence of inhibition by 
any of these chemicals and no greater softening in the presence 
of the living organisms than in these sterile tubes. The carrot 
in the filtrate (5) was considerably less acted upon and for- 
malin (2 & 2’) showed still less softening. Further examina- 
tion showed full softening in these latter tubes (2, 2’ & 5) 
at the end of nine days. Transfers at the close of the ex- 
periment proved continued sterility in all the tubes except 
one of those containing chloroform. 


These confirmed the evidence from previous trials and led 
us to conclude that neither chloroform, thymol nor phenol 
had any inhibiting effect on the enzym; that well developed 
broth cultures sterilized by the addition of any of these pos- 
sessed as active cytolytic properties as that in which the 
organisms continued alive; that formalin inhibited the en- 
zymic activity; that filtration through porcelain reduced the 
enzym content. 

To preclude the possibility of error because of the softening 
action upon the vegetable tissues of the broth itself, or of any 
of these chemicals, a series of control tubes was held in which 
carrot blocks were immersed in sterile broth without any 
added chemical and in similar ones in which the various chem 
icals were added in the amounts indicated in the above experi- 
ments. These carrot tissues in all cases remained unsoftened. 


SECURING THE ENZYM BY DIFFUSION. | 
Our observations upon decaying vegetables have shown that 
the cell walls are affected some distance in advance of the 
invasion of the organisms. This would indicate the diffusion 
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of the enzym through the intermediate tissues as was ob- 
served by de Barry (1886) in the case of Peziza and by others 
with similar parasitic invasions. When this first came to 
our attention it suggested the possibility of testing the dif- 
fusibility of the enzym through some medium impenetrable to 
the bacteria, partly as confirmatory of the above explanation 
and partly as another method of studying the action of the 
enzym apart from the organisms. Before we got to the point 
of undertaking this, however, van Hall’s (1902: 649) paper 
came to hand in which he describes his similar attempts and 
their very interesting results. In his studies upon his Bacillus 
omnivorus he employed a modification of the plan developed 
by Beijerinck in his studies upon the mosaic disease of to- 
bacco. Van Hall’s method consisted in growing his organism 
in streak cultures upon the surface of agar, then cutting off 
a surface layer from this, carrying the streak, and transplant- 
‘ing the layer to potato. In this way he secured the softening 
of the potato underneath the streak. In other cases he re- 
moved sterile bits of agar underlying the culture and trans- 
planted them to sterile vegetable surfaces for trial. | 

We found the method outlined in the following experiment 
a more convenient way of securing the same result. 


Beet broth agar, two per cent, was poured into small petri 
dishes to a depth of about 3 mm. When this had hardened 
_ and the surface dried slightly, Bacillus carotovorus was im- 
planted on the surface of a small area at the center. At the 
end of three days a good surface growth was thus secured 
about 1 cm.'in diameter. A slice somewhat larger than this 
layer of agar was then cut from the interior of a fresh turnip 
root and placed in a large sterile petri dish, using caution to 
avoid contamination. The layer of agar from the smaller 
dish was then carefully lifted with sterile instruments and 
placed upon the surface of this turnip slice in the larger dish 
and covered to prevent contamination. This was designated 
A. The details of the method may become clearer upon ex- 
amination of the accompanying figure. Two other dishes, B 
and ©, were prepared in like manner at the same time. A 
laver of sterile agar was laid in a fourth dish upon a turnip 
slice as a control and designated D, 
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Fic. 2. DIAGRAMS TO SHOW METHOD AND RESULTS OF TESTING THE DIF- 
FUSIBILITY OF THE ENZYM THROUGH AGAR. 


No. 1, surface view; 2, vertical section of the same along dotted line ee; 
a—a, sterile slice of living turnip root; b—b, layer of nutrient agar bearing 
the bacterial colony c-c; d-d, region of most active enzymic action; the 
extent of softened tissue at the end of 24 hours is indicated by the dotted 
area in No, 2; No. 3 shows a single cell of this softened turnip tissue. 


At the end of twenty-four hours, examination of this con- 
trol, D, showed the turnip underneath the agar to be un- 
changed, cxcept for a slight yellowish stain imparted by the 
agar to the surface; no softening whatever had developed. 
Upon lifting the agar in the first dish, A, the turnip showed 
an area immediately underlying the colony and somewhat 
larger than the surface spread of this in which the tissues 
were slightly browned and softened exactly as where invaded 
by the organism. Bits of this rotten turnip tissue were im- 
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mediately transferred to each of three broth tubes to test 
sterility. In none of these, neither in any of several similarly 
tested later, did growth develop, showing beyond question that 
this softening of the tissues was due solely to the bacterial 
products which diffused through the layer of agar from the 
surface colony above. Upon more carefully examining the 
turnip Slice it was found that there was a slight softening of 
the surface over the entire area covered by the agar, b-b, of 
the diagram Fig. 2. The area immediately underlying the 
colony was softened much more deeply however viz., about 
1-1144mm. The deepest softening occurred in a circle about 
2mm. wide underlying the margin of the colony, lying between 
d and din the accompanying diagram, (Fig 2). Micro- 
Scopic examination showed exactly similar conditions to those 
which accompany bacterial invasion, viz., isolation of the cells 
as a result of the solution of the middle lamellae, with the 
residual walls swollen and taking a blue stain upon treatment 
with chlor-zinc-iodide, and the protoplasmic contents showing 
granulation and plasmolysis. 


Several other dishes examined after twenty-four to thirty- 
six hours show results practically like the above except that 
in most of them the softening was to a uniform depth of 
1-2 mm. immediately’ underlying the colonies with a gradual 
decrease in this depth, as shown in the accompanying diagram 
which is drawn to exact scale as to size of colony and degree 
of softening at the end of twenty-four hours. 

In connection with the above work we also conducted simi- 
lar transplantations of colony-bearing layers of agar to the 
surface of sterile gelatin plates. [Examination in such cases 
at the end of three days revealed liquefaction of the gelatin 
underlying the colony, but for an area equalling about twice 
the diameter of the colony above, and to a depth of one to two 
millimeters. Transfers from this liquefied gelatin to broth 
tubes proved its sterility and showed that the action here, as 
in the case of the vegetable tissues, was due to the diffusion 
of the bacterial products from the colony through the inter- 
vening agar, 
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SECURING THE ENZYM BY PRECIPITATION WITH 
ALCOHOL. 


Strong alcohol added to bacterial culture broths gives a 
flocculent whitish precipitate which includes not only the 
enzyms present, and various proteid matters, but also carries 
the bodies of the bacteria down with it. This is the com- 
monest method of securing enzyms in bacteriological investi- 
gations and is, therefore, in a measure a standard for com- 
parative work. ‘It also has advantages over the other meth- 
ods especially in that it is possible easily to preserve this 
dried precipitate for indefinite periods. For these combined 
reasons it was used in much of our work. We have found 
that 25 per cent of alcohol is fatal to the carrot-rot organism 
in broth cultures and since more than that amount was used 
in all our precipitation work, it is evident that this method 
insures the elimination of the living organism. 


METHODS. 


Several questions arose at the beginning as to methods 
which we will discuss under the following heads: 

1. Filtration—tThe first of these was as to whether the 
alcohol should be added directly to the culture broth, thus 
giving a precipitate containing the bodies of the bacteria, or 
whether it is preferable to remove the bacteria by passing 
the broth through a porcelain filter before precipitation. The 
trial reported on a preceding page showed that the filtered 
broth when tested directly possesses less enzymic activity than 
does the unfiltered broth. As is there shown, the precipitate 
obtained when such broth is rendered 80% alcoholic similarly 
has less enzymic strength than the precipitate from unfiltered 
broth. After a few trials had determined these facts all sub- 
sequent work along this line was with culture broths which 
had simply been passed through filter paper.* This filter re- 


“Some students of cytolytic enzyms have objected to the -use of filter 
paper because of the possible action of the enzym upon it. This occurred 
to us early in our work but repeated observations have shown this enzym 
is entirely inactive on the celluloses proper. We have, therefore, used 
Schleicher & Schull’s filter paper, both for es the broths and for 
collecting the precipitate. 
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moves the coarser deposits but not the bodies of the bacteria. 
To the filtrate was then added enough 95% alcohol to render 
it alcoholic to the desired degree, usually 80%, the precipitate 
allowed to settle, the supernatant alcohol siphoned off, the 
precipitate, collected on filter paper, washed with either 957% 
or absolute alcohol and quickly dried, partially in a current 
of warm air, then in a desiccator over sulphuric acid. The 
dried precipitate, which is gray and somewhat brittle, was 
then powdered before redissolving in water. It is of course 
important to secure quick drying to avoid the possibility of 
alteration as a result of bacterial growth or of chemical 
changes in the precipitate. The drying must also be done at 
so low a temperature as to, preclude danger of injury from 
heat to the sensitive enzym. In our earlier work we washed 
out the 95% alcohol with absolute alcohol in order to hasten 
the drying. Later it was found this made scarcely any dif- 
ference in the time and no difference in the result, providing 
the moist precipitate was properly broken up so as to dry out 
quickly. Spieckermann (1902: 165) used absolute alcohol fol- 
lowed by ether, presumably to secure quick drying. Most of 
our work had been completed before his paper reached us, 
but we thereupon tested this method in comparison with that 
followed by us and have found it unsatisfactory. The pre- 
cipitate when the ether was used showed a diminution in its 
enzymic activity providing it stood in the ether long enough 
to displace the alcohol. Thus, holding the precipitate in ether 
one hour, while it did not injure it, made no appreciable dif- 
ference in its rate of drying; where in ether fifteen hours, it 
was only two-thirds as active and required almost as long 
for drying; where in ether for twenty-four hours it dried 
quickly, but possessed only one-fourth the activity of that 
dried directly from 95% alcohol. While a solution of the latter 
softened radish and turnip tissues in fifteen minutes, the 
former required one hour to accomplish the same result. 

In further trials chloroform was used with part of the 
precipitate and ether with another part to remove the alcohol 
with a view to hastening the drying. Thus one-half of the 
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precipitate was dried immediately after washing with 95% 
alcohol. The balance was immersed for nineteen hours in 
absolute alcohol, then for forty-eight hours in chloroform,® 
changing the chloroform once during this pediod. Upon its 
removal from this fluid the precipitate quickly dried to a 
chalky, brittle, white mass. Comparative trials, using 5% 
aqueous solutions of the precipitate dried from the 95% alco- 
hol and that where the chloroform was used, showed them 
to be equally active. These results established our confidence 
in the method of drying directly from 95% alcohol and we 
have therefore continued so to do as it is more economical 
of both chemicals and time. We would again say, however; 
that its most suecessful use is in our judgment conditioned 
upon quick drying secured by breaking up the moist pre- 
cipitate and placing it in a current of dry, warm air. Inas- 
much as we found the use of ether injurious to the enzym 
and van Hall (1903) says that chloroform destroyed it in 
his trials, it is at least incumbent on anyone who employs 
either of them to determine their safety. It is, of course, 
possible that even with the same enzym secured from different 
broths and in mixture with different compounds there might 
be different results with the same chloroform or ether, and 
even more likely that some brands of ether or chloroform 
might carry in solution substances acting deleteriously upon 
So sensitive a compound as these enzyms. 

2. The most favorable strength of alcohol.—Precipitation 
with various percents of alcohol was tried early in the work 
to determine the relative amounts and strengths of the pre- 
cipitates thus secured. 

In the first trial, using beef broth cultures five days old 
and increasing the alcohol at four steps, fractional precipi- 
tates were secured as follows: 

At alcoholic strength of 20%, a mere trace of precipitate 
was secured. 

At alcoholic strength of 40%, secured 15% of total pre- 
cipitate. 





5 Mallinekbrodt’s ‘‘ M.C.W.” brand. 
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At alcoholic strength of 80%, secured 80% of total pre- 
cipitate. 

At alcoholic strength of 90%, secured 5% of total pre- 
cipitate. 

Trial of the last three precipitates (i. e., 40%, 80%, 90%) 
on carrot sections showed all to have cytolytic activity, but 
that from the 90% had distinctly less than did the others. 
Between those of 40% and 80% there was no noteworthy 
difference. In a second trial the culture broth was divided 
into three lots of 150 c. c. each, and each lot treated sepa- 
rately as follows: 

Lot 1, made 40% alcoholic, gave 0.005 g. precipitate, or 1% 
of total. 

Lot 2, made 60% alcoholic, gave 0.065 g. precipitate, or 14% 
of total. | 

Lot 8, made 80% alcoholic, gave 0.390 g. precipitate, or 85% 
of total. 

Trials of these precipitates on carrot and radish sections 
Showed those from lots 2 and 3 to be of excellent activity and 
about alike, whereas that from 1 required twice as long to 
soften the sections. 

Since in both of these trials the 80% alcohol secnred prac- 
tically all of the enzym, and this in a state of the highest 
activity, that strength alone was used in all subsequent alco- 
holic precipitation work. , 

3. Reprecipitation.—The precipitate obtained by the addi- 
tion of alcohol to the broth is, of course, composed only in 
part of the enzym, the larger portion being presumably other 
proteid matter. In the hope of securing a purer state of the 
enzym, a re-solution and second precipitation with alcohol was 
made as follows: ; 

Two grams of the dry powdered precipitate obtained from 
beef broth cultures was added to 400 c.c. of distilled water, 
the solution placed on ice and frequently shaken. At the end 
of four hours one-half was filtered off and, since filtering 
through paper did not remove the undissolved precipitate, it 
was clarified by passing through a porcelain filter, then re- 
precipitated by rendering 80% alcoholic. The balance stood 


160 Report oF DEPARTMENT OF BACTERIOLOGY OF THE 


twenty-four hours on ice and was then filtered through six 
tnches of calcined sand. This cleared it up but slightly. 
Sufficient alcohol to make this an 80% solution was added 
and the precipitate collected and dried. Comparisons were 
then made between like solutions of this reprecipitate, of that 
passed through the porcelain filter, and of the original. That 
passed through the filter was scarcely equal to the original 
in strength; that passed through the sand was slightly 
stronger, but not enough so to be of practical consequence. 
Reprecipitation was therefore considered of little advantage 
and was not tried further. 

4, The relation of strength of solution to activity—When 
this dried alcoholic precipitate is added to water it swells 
promptly, but apparently only a small fraction of it is dis- 
solved. Two questions arose early in our work; first, as to 
the relation of the strength of this solution to the activity of 
the enzym; second, as to the relative enzymic activity of (a) 
such solutions of the precipitated enzym and (b) of the original 
broth cultures from which the precipitates were secured. 

To determine the first point amounts equal to 1%, 5% and 
10% respectively were added to distilled water, plus chloro- 
form, and their relative activities compared on carrot and 
turnip root sections. The results in all cases showed the 
activity to increase with strength of solution, but not pro- 
portionately. The average of several trials led to the con- 
clusion that, with the precipitate used, it required twenty-five 
minutes in the 1% solution to secure as complete enzymic 
action as was secured in fifteen minutes in the 5% solution 
and in ten minutes in the 10% solution; that is to say, the 
relative activities of the 1%, 5% and 10% solutions stand 
in the ratio of 6, 10 and 15, 

Our practice in all of the work here reported with alco- 
holic precipitates has been to use 5% solutions unless other- 
wise stated. ; 

The second question is of quite as great interest, since it 
involves the query as to whether the enzym is or is not injured 
by the action of the alcohol. 
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WH SY 
Fig. 3. STAGES IN THE ACTION UPON WALL OF THIN SECTION OF CARROT 


ROOT IMMERSED IN A 5 PER CENT SOLUTION OF THE BACTERIAL ENZYM 
SECURED BY PRECIPITATION WITH ALCOHOL. 


Normal wall shown in a; b, same, 7 minutes after immersion; ¢, after 13 
minutes; d, after 30 minutes action only minute traces of the middle 
lamella remained. The cells lose coherence after the stage shown at b is 
reached (Camera lucida). 








Fig. 4. A SERIES OF CAMERA DRAWINGS FROM ANOTHER SECTION OF CARROT 
ROOT IMMERSED IN 5 PER CENT SOLUTION OF THE ENZYMIC PRECIPITATE. 


The normal walls shown at a; _b, the same after 12 minutes; c, the same 
after 32 minutes action. 


In general, the beef or vegetable broth cultures yielded from 
().2 g. to 0.4 g. of the dry alcoholic precipitate for-each 100 
c.c. of broth. It is evident that the 1% solutions of this 
precipitate should contain some three times as ‘much of the 
enzym as did the original broth cultures, providing that the 
precipitation and the re-solution are complete. On the other 
hand it is quite conceivable that the enzym may be injured 
by precipitation, in which case the aqueous solution of the 
precipitate might show weaker enzymic action than the orig- 
inal broth. 

6 
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To test this matter a portion of the precipitate from a six 
day beef broth culture was added to a volume of water equal- 
ling that of the original broth (0.015 g. of precipitate in 5 
c. ¢. of water, equalling 0.3% solution). The activity of this 
solution was then compared with that of a like broth culture 
sterilized by the addition of chloroform, and of third steril- 
ized by passage through a Pasteur-Chamberland filter. The 
results were that the first and second showed practically the 
same degree of enzymic activity, whereas the third showed 
less than half as much. These comparative trials were re- 
peated on a later occasion. Here we used (a) the juice ex- 
pressed from a turnip decayed by B. carotovorus, inoculated 
three days previously; (b) an aqueous solution of the alco- 
holie precipitate obtained from a similarly decayed turnip, so 
made up that the volume of water equalled that in the original 
juice from which the precipitate came. No chloroform was 
added to (a), the living culture being used. Trials of these 
on turnip and carrot sections showed the enzymic activity 
of (b) to be fully as great as that of (a). The results of 
Spieckermann (1902: 146), which reached us after the earlier 
trials were made, are in 2ccord with these. It is surprising 
that no loss occurs through precipitation and re-solution of 
a compound so se: sitive as this enzym shows itself to be in 
many ways. é 

In these trials the original broths and the aqueous solutions 
of a strength equalling them have proved on the average less 
than one-third as active as the 5% solutions which we,have 
used in most of our trials with the precipitate; that is to say. 
these 5% -solutions have rotted the vegetable sections in less 
than one-third the time required to do this where the sections 
are immersed in the living cultures. 


RELATION OF CULTURAL CONDITIONS TO ENZYM 
PRODUCTION. 


THE MEDIUM. 
The vigor of growth of the organism varies widely, of course, 
with the composition of the medium and with other cultural 
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conditions such as age and temperature. Various experiments 
were undertaken to determine the relation of these matters 
to enzym formation, having in mind especially the conclusions 
of some previous investigators that enzym production in cer- 
tain cases is a starvation phenomenon. 

De Bary (1886) looked upon the GinGteniioen ian products | 
of the enzym of Peziza sclerotiorum, which dissolves the 
middle lamella of the cell walls of various plant tissues, as 
the chief source of the nutrition of the fungus mycelium. He 
thought some sugar, available as food for the fungus, to be 
the product of the enzym action on the host cell walls. He 
considered, however, that the enzym was similarly concerned 
with action upon the protoplasm of the host. 

Ward (1888) concluded that the similar wall-dissolving 
euzym produced by the lily Botrytis is a starvation phenom- 
enon. Brown and Morris (1890) consider starvation to be 
a stimulus to cytase as well as diastase secretion in germi- 
nating barley. They also (1893) found that diastase forma- 
tion occurs more actively in leaves during the night and con- 
cluded that this is attributable to the exhaustion at that time 
of soluble food,and hence is to be classed as a starvation 
phenomenon. 

Careful comparisons have been made as to the enzym 
product from growths upon several media® varying widely in 
nutritive elements and especially in carbohydrate content. 
These have included: 

1. Dunham’s peptone solution (1% Witte’s peptone, 0.5% 
sodium chloride) ; a medium upon which this organism makes 
a very weakly growth. 

2. The same plus 2% cane sugar. In this the organism 
makes a poor growth as compared with beef broth, but the 
clouding is estimated to be twice as dense as in the simple 
Dunkham’s solution. This growth is of short duration, how- 
ever, owing, probably, to development of acidity, which in- 
hibits or even kills the organism. 

®‘ For details as to composition of the various culture media used in our 


work and the relative development of the organisms on these media, see 
Vt. Sta. Rpt., 18: 314. (1900.) 
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5d. Neutral beef broth; the standard medium used in our 
work and one upon which the organism makes a good growth. 
, 4. The same plus 2% cane sugar; a medium in which the 
growth is more rapid than in plain broth. 

5. Cooked carrot broths. Two kinds have been used: 

(a) Those in which equal weights of pieces of fresh carrot 
roots and of water were cooked and sterilized together by the 
fractional process in the steamer. b 

(b) The same in which, after the first cooking in the steamer, 
the roots were crushed and the liquid. expressed and filtered 
through several thicknesses of paper to remove all of the 
cell-wall substance, then this filtrate returned to the flask 
and sterilized in the steamer by the fractional process. Both 
of these have, except in certain cases discussed below, proved 
to be the best of cooked media for this organism. 

6. Living vegetables. Fresh living roots of carrot and tur- 
nip are both quickly invaded and rotted by this organism, 
furnishing apparently ideal nutritive conditions. The ex- 
pressed juice from such recently decayed vegetables‘ was used 
in comparison with the preceding broth cultures 1-5. 

The results were in general determined by comparing on 
razor sections of carrot and turnip roots the cytolytic action 
of like solutions of the alcoholic precipitates obtained from 
the above culture liquids. ve 

The sixth method, using fresh uncooked vegetable, has given 
the most active enzym product as well as the largest amount 
thereof. In comparison with beef broth, which yields on an 
average about 0.25% of dry precipitate (i. e., 0.5 g. of dry pre- 
cipitate from a 200 c.c. broth culture), this expressed juice 
from decayed turnip after filtration through paper has yielded 
over 0.5% of a precipitate, a 5% aqueous solution of which 


7These were, of course, so handled as to insure pure growths of the 
organism. This was most surely and satisfactorily done by taking several 
roots, washing thoroughly, soaking tw enty minutes in 0. 1% solution of 
corrosive sublimate, rinsing in sterile water, then with precautions against 
contamination removing the surface to a depth of 0.5 to 1 cm., cutting 
thick pteces from the interior tissues and laying in sterile petri dishes. 
Inoculations on the surface of these at temperature 20°—24.° secured their 
decay in two to three days. 
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caused the complete rotting of a razor section from a turnip in 
ten minutes, whereas a like solution of the precipitate from a 
beef broth culture required nearly two hours. Thus the 
former scheme not only gave twice as much precipitate but a 
solution thereof twelve times as active as was a like solution 
of the latter. Another comparison was made by immersing 
the section directly in the living cultures, i. e., in the ex- 
pressed juice of decaying turnip and in beef broth cultures 
of the same age, viz., four days. Turnip sections so immersed 
were fully rotted in twenty-five minutes in the turnip juice, 
whereas fifty minutes was required to do this in the beef 
broth culture; in other words, the former was fully twice as 
active as was the latter. In other trials the difference was 
even more marked, the vegetable juice being three times as 
active as were the broth cultures. 

The precipitates from:the cooked vegetable broths, (a) and 
(b) of the fifth group have behaved about alike, indicating 
that the presence or absence of cell-wall substance has no 
effect on enzym production. Where a good growth has oc- 
curred, somewhat more precipitate was secured than from beef 
broth, which approximated but did not quite equal in weight 
that from the living tissues in enzymic activity. Since these 
were not secured and tested at the same time it is not possible 
to make exact comparisons. We have not, however, found 
these cooked vegetable media uniformly satisfactory. In some 


®We have had some puzzling experiences with such cooked vegetable 
broths, both of carrot and turnip. In our earlier trials (1900-01) they 
proved satisfactory media. In later ones (1902-03) they were unsatis- 
factory, this organism and various other soft-rot organisms failing to make 
strong growths in them. We have been forced to attribute this to the 
development of inhibiting poisonous compounds as a result of the cooking. 
It is known that cooking at high temperatures in the autclave may develop 
poisonous compounds in vegetable broths which will completely inhibit 
bacterial growths. Dr. F. G. Novy advises us that these are probably 
decomposition products of the carbohydrates. We have, therefore, never 
autoclaved such vegetable broths, but always sterilized by discontinuous 
cooking in the steamer. After experiencing the above troubles we tried 
cooking at still lower temperatures, in one case below 80% but the results 
were no more satisfactory. Thinking the difficulty might be in the glass- 
ware, we used very carefully cleaned Jena glass flasks but this seemed to 
make no difference. These differences are not associated with any marked 
loss of pathogenicity or other changes that we could detect in the organism 
and we were forced to attribute them to variations in the vegetable used. 
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cases excellent growths have developed, in others but weakly 
ones. Jn the former, as already stated, active enzymic devel- 
opment occurred, in the latter very little, i.e., the enzymic de- 
velopment was directly proportional to the vigor of growth. 
The beef broth cultures have given less active enzyms than these 
vegetable media, as has been explained. We have, however, 
continued to use beef broth largely in our comparative studies 
for the reason that the enzymic activity is sufficient for those 
purposes and more reliance can be placed upon the uniformity 
of the medium. The addition of 2 per ct. sucrose leads to 
more vigorous growth of the organism, especially in the earlier 
stages before too great acidity developed, and it is significant 
that more of the precipitate and with more enzymic activity 
was developed in the sugar broth (medium No. 4) than in the 
plain broth (medium No. 3). 

Thus companion cultures of these two media nine days old, 
of which the sugar broth showed an acid reaction (+4.2 
per ct.) and the plain broth was practically neutral (-+-0.7 
per ct.), were rendered 80 per ct. alcoholic. The sugar broth 
yielded 0.3 per ct. of dry precipitate, the plain broth 0.25 
per ct. A comparison of these cultures on carrot sections 
showed the former to be twice as active as was the latter, i. e., 
to soften a like section in one-half the time. A repetition with 
these two media, precipitating on the sixth day, gave similar 
differences but a little less marked. The Dunham peptone 
solution has proved a very poor medium whether with or with- 
out the addition of sugar. The alcoholic precipitate from such 
cultures seven days old (media Nos. 1 and 2 above) have shown 
scarcely appreciable enzym content. 

In conclusion, then, we may note that there seems a perfect 
correlation between the rate and vigor of the growth of the 
organism and the amount of enzym developed, i. e., the more 
vigorous the growth the more enzym; that the presence 
of cell wall substance had no appreciable effect on the ‘amount 
of enzym developed; and that in beef broth cultures the addi- 
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tion of sugar, which favors growth, also increased the enzym 
production. | 

There is nothing whatever here, therefore, to indicate that 
this enzymic production is a starvation phenomenon, but rather 
to the contrary, since the more vigorous the growth the more 
the enzym; moreover, the addition of carbohydrate food 
(sugar) seemed to stimulate enzym production, whereas the 
presence or absence of cell wall tissue seemed without effect. 
This last fact suggests the idea that the organism makes little 
or no use for nutritive purposes of the wall substance which 
it dissolves. 


THE AGE OF THE CULTURE. 


The enzym content was compared in carrot broth cultures 
(grown at 20-22° C.) of the respective ages of one and a 
half, three, five, seven, and nine days. A rapid increase was 
found from a scarcely distinguishable activity in the precipi- 
tate from the one and a half days’ growth to a large amount 
from that of five days, and a continued but slower increase to 
the strongest action from the oldest cultures, viz., nine days. 
It was noteworthy that the increased degree of enzymic activity 
in the precipitates from these carrot broth cultures was accom- 
panied by a like increase in the degree of rottenness of the 
vegetable tissues in the culture flasks.® 

With cultures made in beef broth grown at laboratory tem- 
perature the results were less marked than those just recorded 
for the carrot broths. The outcome in the series showing most 


s 


positive differences is indicated herewith. Each culture con- | 


sisted of 150 ¢.c. of broth neutral to phenolphthalein : 


°L. H Jones, a student in our labatory, working upon another (un- 
determined) species of soft-rot organism reached like conclusions. Thus 
he found that cultures in potato broth eight days old gave an enzym less 
than one-half as active as were similar cultures sixteen days old. While 
a 5% solution of the alcoholic precipitate from eight days’ growth required 
twenty-five minutes to decompose a turnip section, like solutions from 
the sixteen days’ growth rotted the sections in ten minutes. When the 
eight day culture flask was opened it was found that the potato blocks 
were not fully softened, but when the sixteen day flask was opened the 
blocks were completely rotten. 


’ 3 
: t 
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Age Amount 
Culture No. when Reaction of 
tested. Precipitate. 
| ead ion aria ae eas CR i ee 3 days —2.2% 0.495 g. 
ay ee Pam eset sn Gy ass aE Ve ed EUR lo Ml ae eg —1.0% 0.460 “ 
SA: ORE vec ce On ate Ora —0.9% 0.474 
a) SOREL eRe) whe eae PLE es eer eae Le neutral 0.445 “ 


Like solutions (5 per ct.) of these precipitates tested on 
carrot sections showed all to contain the enzym, the activity 
of the solution increasing with the age of the culture. There 
was distinctly more in 2 than 1; the difference between 3 and 2 
was very slight and that between 4 and 3 not great. Another 
Similar series of cultures of ages four, six, nine and eighteen 
days respectively showed practically like enzym activities. 
The amount of enzym here, as in the trials with broths of dif- 
ferent composition, seemed directly proportioned to the amount 
of growth. In carrot broths the growth is slower in starting 
than in beef broth and persists in its increase for a longer 
time. This slower start in comparison with beef broth is very 
likely due to the excess of organic acids present in the vegetable 
broth and to the further increase in acidity during the early 
development before the soluble carbohydrates are used up. In 
the neutral beef broth this inhibiting influence is not present 
and the bacterial development is at its height in about four or 
five days, as judged by the degree of cloudiness of the broth. 
Here, as in the preceding trials, there is no evidence that the 
enzym formation is a starvation phenomenon, but rather the 
reverse—viz., the more vigorous development is accompanied by 
more enzym production. Moreover, the enzym after its excre- 
tion into the broth appears to be a fairly stable compound, 
hence tends to accumulate with the age of the culture. 'R. E. 
Smith (1902) develops a theory of the parasitism of Botrytis 
cinerea somewhat at variance with Ward’s idea that the enzym 
development is a starvation phenomenon, and more in accord 
with our own observations on this bacillus. Smith’s conclusion 
is that the fungus in the absence of abundant food cannot 
develop the wall-dissolving enzym. It can, however, develop 
a toxin which kills the host tissues. He regards the initial 
penetration of the host tissues by spore tubes following this as 
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merely mechanical. Later, having acquired “vital energy” as 
a result of higher nutriment, the production of the wall-dis- 
solving enzym occurs and this aids in the subsequent spread of 
the fungus through the host tissues. 


TEMPERATURE. 


The optimum temperature for most rapid growth of B. caro- 
tovorus is in the neighborhood of 28° to 30° C., i. e., tubes will 
show clouding more quickly at this than at lower or higher 
temperatures. The presumption would seem to be that enzym 
production would be most active at this temperature, but our 
trials have shown otherwise. Where the enzymic activity of 
precipitates from broth cultures grown for eight days in the 
incubator at a constant temperature of 30° C. were tested in 
comparison with those grown at room temperature (18° to 
22°), the latter have shown distinctly more enzym than those 
grown in the incubator. We can offer no satisfactory explana- 
tion for this. Possibly comparisons at an earlier stage, say 
at three days’ growth, would have shown somewhat different 
results. It is also possible that the difference is due to less 
aeration in-the flasks held at the constant incubator tempera- 
ture than occurs in those at the frequently fluctuating room 
temperature. It is evident that this lack of aeration would 
have more inhibiting influence with the older growths than 
with the early clouding. The result convinced us that better 
enzym production could be had outside than inside the incu- 
bator, and since making these trials all our cultures have been 
carried at room temperatures. 


RELATION OF VARIOUS CONDITIONS TO THE 
ACTIVITY OF THE ENZYM. 


EFFECT OF LONG KEEPING. 


It is difficult to measure and record the rate of activity of 
such an enzym with a sufficient degree of accuracy to make 
exact comparisons. We have not succeeded in doing this to 
our entire satisfaction. So far as we can judge, however, 
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there is no loss where the dried enzym-containing precipitate is 
kept for months or even years. Thus two samples of precipi- 
tates prepared and carefully tested in May, 1901, were kept 
and again tested in May, 1903, when so far as we could 
judge their activity was as great as when prepared two years 
before. 

Spieckermann (1902: 166) states that the activity of the 
similarly dried enzym precipate obtained from his kale-rot 
organism was undiminished after four months in the dry state. 


RELATION OF TEMPERATURE TO ACTIVITY. 


Temperature relations were studied, using solutions of the 
alcoholic precipitate from carrot broth cultures and testing 
them on carrot sections. It was found that the action was 
slight at 2° C., good at 22°, better at 32°, best at about 42°, 
inhibited somewhat at 48°, showed pronounced inhibition at 
50° and was practically or entirely checked at 51° and abeve. 
For example, the action was nearly twice as rapid at 42° as at 
22°; and at 32° it was practically midway in rate between the 
higher and the lower. The optimum lay between 40° and 45°. 
When such solutions were held at various temperatures up to 
49° for an hour, either in the presence or the absence of carrot 
tissues the enzym was uninjured, i. e., they showed normal. 
activity when the temperature was lowered again. If, how- 
ever, the heating was carried to 51° or above for ten minutes, 
whether in the presence or absence of carrot tissue, little if 
any action ensued thereafter. 

A comparison of these results using the precipitated enzym 
with those described earlier in this article where the original 
broth was used, shows that the points of inhibition and de- 
struction were approximately ten degrees lower in the solu- 
tions of the precipitate. 

It is interesting in this connection to recall (cf. Green 
1901: 448) that observations upon invertase have shown that 
it withstands a temperature higher by 25° C., when cane sugar, 
upon which it acts, is present than it does in its absence. A 
similar variation, though not so extreme, has been observed 


fond 


New York AGRICULTURAL EXPERIMENT STATION. phyia? 


with several other enzyms. This suggests that, in general, an 
enzym may enter into such a relation, either with the sub- 
stance upon which it acts or with some other compound asso- 
ciated with it in solution, that as a result it may receive some 
protection against the injurious action of heat or other dele- 
terious agencies. It is, of course, possible that the enzym in 
the original broth is in such relation to some organic matter 
as to be thus protected, but our attempts to protect it by the 
presence of carrot tissues in these experiments were ursuc- 
cessful since, as stated above, it was destroyed at the same 
temperature whether in the presence or the absence of the car- 
rot sections. It is to be noted, however, that we were work- 
ing here with the alcoholic precipitate redissolved in water. 
Woods (1899) has shown that the oxydizing enzyms of the 
maple leaf withstand higher temperature when in the juices 
of the plant than when in the presence of alcohol. 

In comparison with our results it is interesting to note that 
Brown and Morris (1890) found 35°-40° C. an _ especially 
favorable temperature for the cytolytic enzym of germinating 
barley, whereas it became decidedly less energetic at 50° and 
was almost completely paralyzed at 60°. 


EFFECT OF ACIDS AND ALKALIiES. 


The organism as studied was found to be parasitic on various 
vegetables, all of which possess an acid cell sap. In the course 
of its development, however, it renders the sap alkaline. It 
appears of interest, therefore, in connection with the question 
of the parasitism of the organism to learn the relation of the 
‘reaction of the medium to the activity of the enzym. This 
was investigated, using the alcoholic precipitate obtained from 
carrot broth cultures. Solutions of this were made in dis- 
tilled water containing additions of the chemicals under trial 
and their activity tested on razor sections of carrot. The 
strength of the acid and alkali solutions was in all cases de- 
termined by titration-against phenolphthalein. 

Alkali.— It was found that the presence of sodium hydrox- 
ide titrating — 2% inhibited the reaction slightly, and that the 
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inhibition increased with the further addition of the alkali up 
to —10%, where it was total. 

Acids° — A very slight addition of hydrochloric acid seemed 
favorable to the action of the enzym, a reaction of +0.5% 
being about the optimum. The difference between this and the 
neutral solution was, however, slight. When the reaction was 
+2.5% or above there was great inhibition and at +5% it 
‘was practically complete. | 

Various organic acids were tested also, the’ results in detail 
being as follows: 


Strength 
of 
Acid. titration. Effect. 
he vii myc sla paige +0.8 percent. retarded slightly. 
CEES EE ARES +151 . “greatly. 
FUE, ae, ae +8.0 complete inhibition. 
Acetic. +0.2 . no effect. 
OREN Rati at +0.5 « «« 
OP wer eee +1.0 ‘ retarded greatly. 
iets Wiglyemge aa Aen +10.0 rs complete inhibition. 
POrMiCwae tee tect +0.15 no effect. 
aS es +0.4 p 3 . 
Gab nah: ee +0.75 ‘3 retarded greatly. 
ics Swit ee. Cas AT a Tha complete inhibition. 
MATT ASTC 25 6 ears tls +0.14 a no effect. : 
ct See CRORES RE ae +0.55 e “(possibly slight retarding). 
PU SOL Pee Se +505 i almost full inhibition. 
IE Ra i i ade +0.2 ¢ no effect. 
wiht VE a ed aie +0.8 i sabi 
he Pe ae ve +8.0 7 almost full inhibition. 
CTU week ob ote eee +0.2 no effect. 
eel sheer eae +0.8 E Mm atreee 
gee Gt wee Wey sae +8.0 “ almost full inhibition, 


From these results it will be seen that these organic acids in 
no case aided the action; that where the acidity, as shown by 
titration, was +0.5% and less they were practically without 
effect; that +-1.0% and above distinctly inhibited in all cases 
where it was tried, and that from +5% to +10% led to com- 
plete inhibition. Here again it should be noted that even this 
large amount represents only a very mild degree of acidity, 
viz., 0.5% more or less by weight. 


These acids were made up by weight and titration strength determined 
afterward. One per cent. gravimetric solutions titrated respectively as 
follows: hydrochloric +50; acetic +20; tartaric +11; citric +15.5; 
malic +15.5; formic +15. 
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EFFECT OF PLANT JUICES. 


Inasmuch as in the cases of actual decay of vegetables the 
enzym must occur in solution in the cell sap, it is of interest 
to learn whether the normally acid sap tends to retard its ac- 
tion as do the organic acids mentioned above. Two series of 
trials were made to determine this. In the first the juice was 
expressed from living tissues of each, carrot, radish and ripe 
tomato. These were tested by adding to each, respectively, 
equal parts of a 5% aqueous solution of the precipitated enzym 
from a carrot broth culture. The result was, therefore, a 2.5% 
solution of the precipitate in half-strength vegetable juice. 
There was slight retardation in all cases in the rate of action 
as compared with solutions in distilled water, this being a lit- 
tle more pronounced in the case of the tomato. The test was 
repeated with the tomato juice by dissolving 5% of the pre- 
cipitate directly in the juice, thus placing the enzym in the 
presence of the full degree of acidity. Here the retardation 
was considerable, estimated at nearly one-half, i. e., there was 
about as much action in fifteen minutes in a water solution 
as in one-half hour in the tomato juice solution. 

Titration of these vegetable juices showed the acidity of the 
tomato to be +5%, of the carrot +2%, of the radish -L0.75%. 


THE EFFECT OF OTHER BACTERIAL PRODUCTS. 


As a result of his studies on the bacterial soft rot of the 
turnip due to Pseudomonas destructans, Potter (1900: 451) 
suggested that oxalic acid produced by that organism may play 
some part in the destruction of the middle lamella and the 
separation of the cells. The above results show that neither 
oxalic acid nor any of the normal acids of the host tissues so 
function in the carrot rot organism. Indeed this organism 
produces no oxalic acid. It does, however, produce a small 
amount of some undetermined acid in the presence of carbo- 
hydrates. In order fully to determine whether this unknown 
‘organic acid or other products of the bacterial metabolism 
favor or retard the enzym action, broths of various kinds in 
which the organism has been grown were heated to 80° C. to 
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sterilize them and to destroy their enzym content. Two parts . 
of each of these, respectively, was then added to one part of a 
~ solution in water of the enzym-containing precipitate and the 
activity of this mixture was tested in comparison with a solu- 
tion of like strength of the precipitate in pure water. More 
or less inhibition resulted in every case, as follows: Carrot 
broth, cultures twelve days old, reaction to litmus slightly 
alkaline, slight inhibition; beef broth, cultures seven days old, 
reaction to litmus slightly alkaline, marked inhibition; Dun- 
ham’s peptone solution, cultures sixteen days old, reaction 
to litmus neutral, decided inhibition, estimated to be one-half 
as active as the solution in pure water; Dunham’s peptone 
solution plus 2% sugar, cultures sixteen days old, reaction to 
litmus strongly acid, decided inhibition, so that the tissues 
tested in this solution were not more acted upon at the end 
of twenty hours than were those in the simple Dunham/’s solu- 
tion at the end of two hours. There is no evidence here, there- 
fore, that the products of the bacterial growth aid in the 
cytolytic action of this organism. On the contrary, the evi- 
dence is that they tend to inhibit it. 


DIASTATIC ACTION. 


Repeated trials by the most delicate methods we could devise 
have failed to reveal any diastatic action worthy of note. The 
only indication observed has been an extremely slow and 
slight tendency to the conversion of starch into amylodextrin, 
as shown by a gradual change in iodine reaction from a clear 
blue to slightly purplish tint. Starch granules are not eroded 
even in cultures on potatoes, nor is there any change in the 
iodine reaction of such raw potato tissues, nor of cooked po- 
tatoes when used as a culture medium, except the slight one 
toward the purplish tint just noted. More delicate tests were 
made by mixing 1% of the washed starch from potato or wheat 
flour with water, heating to the boiling point, allowing to 
settle nearly clear and then filtering off the supernatant 
liquid. In this way a very weak starch solution was secured, 
but one which gives a clear iodine reaction. Saliva added to 
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this solution removes the last trace of starch in a few mo- 
ments. Equal volumes of this starch solution added to a 5% 
solution of the enzym-containing alcoholic precipitate from a 
carrot broth culture of B. carotovorus underwent no change 
even after nine days’ standing, other than the slight conversion 
toward amylodextrin noted above. The enzym-containing alco- 
holic precipitates from beef broth cuitures were likewise in- 
active. In this respect, again, the carrot-rot organism differs 
from Potter’s white-rot organism of turnip (1901) and agrees 
with Spieckermann’s cabbage rot organism (1902). 

Griiss and Reinitzer, as explained in detail later in this 
paper, have advocated the idea that the cytolytic action of 
barley malt is simply due to diastase and hold that no 
“cytase” as distinct from diastase occurs in such extract. 
Newcombe’s work (1899:81) shows the incorrectness of their 
conclusions as regards malt extract, and we are convinced from 
our experiments that in this soft-rot’ organism we have an 
enzym different from diastase. 


THE ACTION OF THE ENZYM ON THE HOST PLANT 
TISSUES 


THE COMPOSITION AND ORIGIN OF THE MIDDLE LAMELLA. 


Inasmuch as the action of this enzym is chiefly upon the 
middle lamella of the host cell, it will make the subsequent 
discussion of this matter clearer if we briefly review the facts 
as at present understood relating to the composition and origin 
of this portion of the cell membrane. Fortunately, some ex- 
cellent work along this line has been done within recent 
years.U 

Examination of any mature parenchymatous cell, as of car- 
rot or turnip root, shows the middle lamella as a more or less 
clearly defined refractive line through the middle plane of the 
cell walls. On either side, i. e., lying between this and the cell 
cavity is an inner lamella, or, as Allen calls it, “ primary 
wall.” .Where three or more cells meet in mature tissue inter- 


11 See critical reviews of the subject by Green (1901: 298-300) and Allen. 
(1902). 
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cellulars commonly occur and often slits or openings radiate 
from these for some distance. These result from mechanical 
‘Strains, doubtless caused by growth changes. 

Where such openings occur it.is usually evident that the 
middle lamella substance has split along its middle plane and 
a brightly refractive border line of this substance bounds each 
inner lamella externally along these intercellular slits and 
Spaces. In many cases, however, no such intercellular has de- 
veloped and the middle lamella substance extends as an appar- 
ently homogeneous layer of slightly varying thickness between 
the adjacent inner lamellae of the walls. At the junction of 
three or more cells this expands into an angular mass, com- 
pletely filling the space formed by. the meeting of their rounded 
contour lines. AS seen in section these ‘masses are most often 
triangular. There is some evidence from their deeper staining 
properties that these are denser than the thinner lamellar 
plates, and our observations on the rate of solution, to be dis. 
cussed later, are in accord with this idea. 

Various opinions have been held as to the composition and 
origin of the middle and inner lamellae of the walls. It has 
long been understood that parenchymatous walls of the kind 
under discussion are composed of cellulose. More recently it 
has been shown that “ cellulose” includes a group of closely 
related compounds. Moreover, if cellulose stains or solvents be 
applied to parenchymatous tissues it will appear that the inner 
lamellae are fundamentally cellulose, whereas the middle la- 
mella does not give the cellulose reactions. More critical ob- 
servations will show that the inner lamellae are rarely if ever 
homogenous but also contain substances other than cellulose. 

Cross and Bevan (1895:78, 89) in their discussion of cellu-_ 
loses make two groups, (1) the cellulose group, (2) the com- 
pound celluloses. They further sub-divide the cellulose group 
into three sub-groups: 


(a) Resistant to hydrolysis, e. g., cotton: 

(b) Less resistant to hydrolysis, found in grass stems, ete. 

(c) Low resistance to hydrolysis, found especially in fleshy 
roots and in seeds. , 
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They term groups (a) and (b) tne celluloses proper. Group 
(c) is held to be quite different from these, but for convenience 
of treatment they allow it to remain in the larger group, ac- 
cepting Schultze’s name as satisfactory, viz., pseudo-cellulose 
or hemicellulose. As defined more exactly the hemicelluloses 
are “substances closely resembling in appearance the true cel- 
luloses but easily resolved into simpler carbohydrates by the 
hydrolytic action of enzym or of the dilute acids or alkalies.” 

We are, however, chiefly concerned with the compound cellu- 
loses which Cross and Bevan term “ pecto-celluloses,” since 
these constitute the middle lamella and other wall. elements 
acted upon by the carrot-rot enzym. The present understand- 
ing of these dates from the work of Fremy (1840, 1848), who 
found in plant cell walls, along with cellulose, another sub- 
stance which he called pectose. He also isolated from carrot 
roots and other plant tissues an enzym “ pectase ” capable of 
gelatinizing this pectose and related compounds, which will 
be discussed in more detail iater. Subsequently chemists have 
confirmed Fremy’s observations and conclusions and class the 
pectose series of compounds with the celluloses as indicated in 
the discussion above from Cross and Bevan. Mangin has re- 
cently (1888-1893) made most extensive studies upon these 
matters and shows that here again we have not a simple com- 
pound but a complex of closely related compounds. These he 
divides into two natural series, the one neutral, the other 
acid. Pectose is one of the less soluble neutral series, and 
pectine is a more soluble form. Both of these are of aide 
distribution, especially in the walls of voung tissues. Of the 
‘acid series pectic acid is of common occurrence and peculiar 
interest to us and especially its insoluble salt calcium pectate. 
Fremy supposed that when his enzym, pectase, clotted the pec- 
tose solutions it did so by converting the pectose into pectic 
acid. Bertrand and Mallevre (1894, 1895) have recently shown 
that this clot is, however, calcium pectate. Payen’™ believed 
that the middle lamella consist largely if not wholly of this 
salt, and the recent studies of Mangin and Bertrand-Mallevre 


2 Cf. Green 1901: 248, 
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have confirmed this belief. Moreover, these recent studies have 
Shown that the inner lamellae contain varying proportions of 
pectose or pectic compounds intermingled with the celluloses. 
The relation of these is evidenced if Schweitzer’s reagent, which 
is a cellulose solvent, be carefully applied, when it will remove 
the cellulose and leave the pectic skeleton. The converse oc- 
curs, as will be shown in detail later, when the carrot-rot 
enzym acts upon the walls, removing the pectic elements and 
leaving the cellulose. 

Mangin’s studies led him to conclude that in the early stages . 
of its development the wall consists more largely of the less 
soluble pectose, whereas in the mature wall the calcium pec- 
tate predominates in the original plane, i. e., the middle 
lamella, and the pectose which occurs is in the inner lamellae, 
i.e., nearer the cytoplasmic layers. The proportion of cellulose 
becomes increasingly predominant, however, as one passes 
from the middle to the inner layers. Although this is the case, 
there probably occurs, even in the young walls, a thin sheet of 
calcium pectate invisible under the microscope but evidenced 
by the splitting of the walls along the middle plane under the 
action of pectate solvents. With the increasing age of the cell 
this layer is thickened and more clearly defined until it be- 
comes plainly visible in the mature cell as the middle lamella. 
The splitting of the lamella along the middle lane as a result 
of the tensions set up between the growing cells indicates that 
this apparently homogeneous plate is in reality from the be- 
ginning a double sheet, one-half of which originated with each 
daughter cell following mitosis. 

Fremy’s enzym, pectase, which is especially abundant in 
growing tissues, is supposed to function’® in this lamella for- 
mation by converting the insoluble neutral pectose of the inner 
lamellae into the more soluble pectine and ultimately into 
pectic acid, which then passing, perhaps by diffusion pressure, 
to the outer surfaces of the inner lamellae, i. e., to the planes 
where this meets the middle lamella layers, is there combined 
with calcium to increase this middle lamella substance. This 
appears homogeneous, but as will appear later is, like the 





asCoT Green. 1901: 297-306, 
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inner lamella, distinctly stratified in structure, at least in the 
heavier parts at the angles. 

This conception involves the idea of the passage in the grow- 
ing walls of the pectose substances by gradual filtration 
through the cellulose Jayers from the protoplast where they 
originate toward the exterior, and is at the same time in ac- 
cord with the idea of Allen (1902: 31) that the young cambium 
wall really forms the basis of the middle lamella of the older 
tissues. 


THE ACTION OF THE ENZYM ON THE CELL-WALL. 


The rapidity of the invasion of vegetable tissues by the car- 
rot rot organism was discussed in our earlier report (1900 :307— 
312). As there explained it rots only parenchymatous tissues. 
The invaded tissues become watery and usually more or less 
darkened in color when exposed to the air. The cells rapidly 
lose all coherence and always show a sharply defined line of 
demarkation, indicating that the softening occurs quickly and 
completely after it begins. Examination of such recently de- 
composed tissues under the microscope shows the cells to be 
already isolated or easily separable along the plane of the 
middle lamella. The protoplasmic sac within the cell is col- 
lapsed, more coarsely granulated than normally, and evidently 
dead and in the process of disorganization. Bacteria teem 
around and between these cells but are so rarely seen within 
them that where this does occasionally occur, one is led to 
attribute it to mechanical rupture of the softened walls rather 
than to direct solution. (See figures 1, 5 and 6.) 

In the case of the inoculation of a cut surface of root kept 
in ordinarily dry atmosphere, the invaded area dries out very 
rapidly; if, however, it is kept in a saturated atmosphere gray 
drops of exudate teeming with bacteria form on the surface 
and the tissues underneath become sunken. It is evident, 
therefore, that among the products of the bacterial growth are 
active osmotic substances which draw the water, and of course 
soluble nutritive matters, from the dying or dead protoplasts. 
The organism is powerless to invade wilting or pithy and par- 
tially dried-out vegetable tissues of even the most susceptible 
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varities, such as turnip, radish and carrot. These facts, with 
others to be set forth later, show its active invasion to occur 
in the intercellular spaces and along the planes of the middle 
lamellae. A fundamental condition of this invasion is an 
abundant moisture content in the host tissues, the more the 
better, apparently. The water-logged, or translucent appear- 
ance of the invaded tissues is doubtless due in part to the. 
expulsion of gas incident to the filling of the intercellulars with 
liquid resulting from the plasmolysis of the cells, and in part 
to the changes in the optical characters of the walls themselves. 
The fresh walls are uniformly refractive throughout with a 
slight difference between the middle and the inner lamellae. 
Almost immediately following their immersion in either a liv- 
ing culture or an aqueous solution of the precipitated enzym 
the inner lamellae begin to lose their refractiveness. This 
change in appearance is evident even to the unaided eye if thin 
sections are closely observed. It is more rapidly followed under 
the microscope, and is then seen to be associated with a swell- 
ing of the primary wall or inner lamellae, sometimes to twice 
their original thickness, and with the appearance within a 
short time of a delicate laminated structure in these swollen 
walls, as shown in the accompanying figures. The middle 





Fig. 5. <A sterile block cut from living carrot root was immersed for 2b 
hours in a broth culture of B. carotovorus, then fixed in hot absolute 
alcohol, imbedded in paraffin and sectioned. The above sketch (x 250) 
shows a large thin-walled parenchyma cell lying about three cells inward 
from the surface. The enzymic action was here complete, the cells isolated 
and the intercellular spaces gorged with bacteria, but the undissolved 
remnant of the wall kept them from invading the cell cavities. 
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Fig. 6. From deeper lying portions of the same sections as Fig. 5. 
(x 375). The cells here were smaller and thicker walled. In a, the 
bacteria were abundant in the intercellulars and the middle lamellae partly 
disssolved; b, from a little deeper, showed less advanced action, the walls 
swollen and laminated but still cohering. 





Fig. 7. Cell mebrances from the central part of* the same sections 
(x500). The earliest stages of bacterial invasion along the plane of the 
middle lamellae are shown in a and b, while e shows the action upon the 
walls in advance of invasion. The -laminated structure appears both in 
the swollen inner lamellae and in the undissolved portions of the middle 
iamellae which occur at the angles of the cells. 
lamellae also becomes less refractive, though not softly trans- 
lucent, as do these adjacent inner layers, and soon begin to 
melt away in the thinner portions. The middle lamellar sub- 
stances, as already explained, usually form thicker masses at 
the angles of the cells, often triangular as seen in optical 
section. As the thinner parts dissolve, these heavier portions 
remain isolated. There are now distinct openings between 
the adjacent cells in most places and the swelling of the walls 
has reached its maximum. Tapping on the cover glass, tear- 


ing with needle point or other mechanical test, will show that 
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the cells have lost all cohesion, that is, that the tissues are 
fully “ rotten.” Thin razor sections of carrot or turnip placed 
in living cultures or in active enzym solution pass through 
these changes in from ten minutes to an hour, although longer 
immersion may be necessary to secure the complete solution 
of the thickest pieces of intercellular substance. Meanwhile 
there is a slight thinning of the walls proper from without 
inwards, i. e., from the lamellar side towards the cell cavity, 
but this is not great and complete solution has never been 
observed either in the presence of the living organisms or in 
solutions of the enzym. In order to determine this matter 
to our satisfaction the same sections have been kept under 
observation for three weeks, with repeated measurements and 
camera drawings during this period, but there was little 
change after the first few hours. Cellulose stains (iodine and 
sulphuric acid or chlor-zinc-iodine) give clear blue reactions 
with these fully softened walls, and this reaction is the same 
even after the longest immersion. The lamination of the walls 
becomes increasingly apparent for a short time, after which 
there is no further change. 

_ In no case have we found evidence of any action whatsoever 
upon lignified or cuticularized walls. Vessels lie for days or 
weeks in the presence of the enzym with the walls unchanged 
in refractive character or other appearance or in staining 
reaction to phloroglucin. 

In order to follow the course of invasion more carefully 
blocks of fresh carrot tissue cut from near the core, with pre- 
cautions to insure sterility, have been immersed in broth cul- 
ture tubes of B. carotovorus and at varying periods of time 
after the surface tissues had begun to show decomposition they 
have been carefully transferred to absolute alcohol to kill and 
fix the organisms in place, then imbedded in paraffin and sec- 
tions cut three to twelve microns in thickness. For differen- 
tiating the wall tissues and organisms various stains have been 
tried, including Ziehl’s carbol-fuchsin and aqueous solutions 
of Congo red, ruthenium red and methylene blue. 

The best results were obtained from the use of ruthenium 
red and methylene blue. It was found that about two minutes’ 
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immersion in each of these in turn, followed by brief washing 
in alcohol, gave slides showing excellent differential staining. 
The organisms, the unaltered walls and the undissolved re- 
mains of the. middle lamellae retained the blue color and in 
the walls which had been fully acted upon the red color pre- 
dominated. Examinations of slides so stained have shown very 
interesting conditions. The Congo red also clearly reveals the 
solvent action, staining deeply the unaltered walls and giving 
but faint color to those from which the soluble part has been 
removed. The line of demarkation between such deep and 
faint staining tissue is very abrupt, indicating that the solvent 
action is rapid and complete after the penetration of the active 
substance. This action occurs some ten cells, more or less, in 
advance of the invasion of the organism. It is evident that 
the chemical agent causing this change penetrates the tissues 
and completes its action considerably in advance of the inva- 
sion of the organism. The rate of the invasion was clearly 
dependent upon the nature of the walls and the form of the 
cells. As already stated, no action occurs on cuticularized or 
lignified walls. Where the cells were much elongated in one 
direction the action progressed more rapidly in the direction of 
their longer axis. The organisms in the more recently invaded 
portions were chiefly found in the larger intercellular spaces 
at the angles of the cells. From these they made their way, 
evidently along the planes of the dissolved lamellae, occurring 
in the narrower portions as a Single line of rods lying end to 
ead. In no case were they within the cell cavities, although 
they often crowded the lumina of the open vessels. The walls 
themselves showed in these stained sections the same transi- 
tions noted in the fresh material, viz., swelling, and evident 
lamination of the inner lamellae preceding the full solution of 
the middle lamella. The middle lamellar substance itself, 
especially at the angles of the cells where it occurred in larger 
masses, showed distinctly a laminated or fibrillar structure 
when partially acted upon, indicating that it, like the wall, is 
not of entirely homogeneous structure. 

The discussion thus far has been based upon observations 
made upon carrot tissues. Studies of the invasion of turnip 
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and radish roots and cabbage petioles have shown practically 
Similar conditions. The rate of softening of sections of these 
tissues in solutions of the enzym-containing precipitate and in 
living cultures has proved to be more rapid in the turnip, 
radish and cabbage tissues than in those of the carrot. In the 
latter the action was faster on the core than on the cortex 
tissues. It was more rapid in the young potato than in the 
mature tuber. On the beet root no action whatever occurred. 

In order to secure data for the above conclusions careful 
trials were made on two occasions with a 5% solution of an 
alcoholic precipitate containing a not very active enzym, This 
weaker enzym, acting more slowly, permitted more satisfac- 
tory differentiation between the rate of softening of tissue 
of similar susceptibilty. The trials were made about July, 
using vegetables fresh from the garden except for the potatoes 
of Series I. The details are as follows: 

Series I. Using thick razor sections of (1) old potato, core; 
(2) young carrot, a. core, b. cortex; (8) young radish, core; 
(4) young turnip, core; (5) cross sections of young cabbage 
petiole. The interval before complete disintegration was: 
turnip, forty minutes; radish and cabbage, about forty-five 
minutes; carrot core, eighty minutes; carrot cortex, ninety min- 
utes; potato, one hundred minutes. 

Series II. Using similar solutions and vevretable sections, 
except that sections from a young potato tuber fresh from the 
garden were substituted for the old potato (1), and the fol- 
lowing were added : (6) cotyledon of pea, approaching ma- 
turity; (7) root of beet. The intervals before complete dis- 
integration were turnip, radish, cabbage (about alike), thirty- 
five minutes; young potato, carrot core (about alike), eighty 
minutes; carrot cortex, pea (about alike), one hundred min- 
utes; beet, limp but no signs of disintegration even after 
twenty-four hours’ immersion. ; 

These observations as to the rate of action of the enzym on 
plant tissues clearly accord with the results from inoculations 
into the corresponding vegetables made in our earlier studies 
(1900: 307) and indicate, what we would expect, that aside 
from moisture relations the relative susceptibility or resist- 
‘ance of the host plants to infection depends largely, if not 
wholly, upon the composition of the middle lamellae. 
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A GOMPARISON OF THE ENZYM PRODUCED BY BACIL- 
LUS CAROTOVORUS, WITH CYTOLYTIC ENZYMS 
FROM OTHER SOURCES. 


CYTOLYTIC ACTION BY SOFT-ROT BACTERIA FROM OTHER 
SOURCES. 


In the course of these studies upon the cytolytic enzym of 
the carrot-rot bacillus comparisons have been made with the 
various Other strains of soft rot organisms described in Part 
I of this discussion, p. 100. In order to make this clear we will 
summarize the list, which includes 45 strains, as follows: — 

Three strains of cabbage-rot bacilli isolated in Vermont by 
F.. R. Pember in 1899. 

Twenty-three other strains of cabbage-rot bacilli isolated in 
Vermont by W. J. Morse in 1901. 

One strain of turnip-rot bacillus isolated by L. P. Sprague 
in Vermont, 1903. 

Twelve strains of soft-rot bacilli secured by Harding and 
Stewart in New York, of which one was associated with the 
soft rot of Amorphophallus simlense and the other eleven were 
from the soft rot of cabbage. ; 

Six other soft-rot organisms from various sources, as fol- 
lows: Townsend’s calla rot, Bacillus aroideae; Harrison’s 
cauliflower rot, Bacillus olereaceac; van Hall’s two iris-rot 
organisms, Bacillus omnivorous and Pseudomonas  iridis; 
Spieckermann’s kale-rot organism (Bacillus), and Potter’s 
turnip-rot organism, of which the strain we had was also a 
Bacillus. 

Forty of these forty-five strains, with three others, were 
studied* in detail by Messrs. Harding and Morse, the details of 
their studies being related in Part I of this discussion. It will 


* Their studies did not include the following: Pember’s R., Pseudomonas 
iridis, nor the New York organisms O. 1 IT 6 c, O. 1 II 6 a, and the bacillus 
from Amorphophallus. 
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suffice here to say that their comparative studies as there re- 
corded lead them to conclude (p. 138) that these forty strains — 
probably constitute only one somewhat variable species. The 
following comparisons as to enzym production were, however, 
completed before their decision was reached and we believe 
they were worth recording partly as contributing further evi- 
dence as to the general likeness of these strains and partly 
as emphasizing the minor variations which we believe must 
always be expected to occur with different bacterial strains, 
even of the same (so-called) species. 

The comparisons as to enzym production have been made 
by testing both the living cultures and the alcoholic precipi- 
tates, following the general methods outlined earlier in this 
article. Inasmuch as the alcoholic precipitate yields the enzym 
in a more concentrated form, and one in which it can be pre- 
served indefinitely for comparative trials, this method has been 
chiefly relied upon. In all cases much care has been exercised 
to insure uniformity in the several series as to medium and 
cultural conditions. The trials of cytolytic activity were made 
on razor sections of vegetables, carefully selected for uni-— 
formity, and the trials repeated until convincing evidence was 
. obtained as to relative activity.. Inasmuch as it was not prac- 
ticable, for obvious reasons, to make close comparison of more 
than a limited number of these at a time, they were handled 
in series of six or eight in a group. Since there was some 
variation in the vegetable upon which the test was made in 
different cases it is to be noted that B. carotovorus of the 
original strain, or some other organism whose activity. was 
well known, was included in each series. In all cases except 
Pember’s organism R. cytolytic action occurred. In order to 
have a basis for comparison the organisms of each series were 
grouped in order of cytolytic activity into three classes, as 
follows: 
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Class I. Activity moderate, B. carotovorus being the stand- 
ard of his class. 

Class II. More active than I, intermediate between I and 
1k ; 

Class III. Most active, Vermont XLVIII and Turnip Rot 
D well representing this class. 

The following tables give the results of the trials grouping 
the various organisms in these classes according to cytolytic 
activity. . 
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SERIES I. EIGHT DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL; 
CYTOLYTIC ACTION TESTED ON CARROT AND CABBAGE. 


Weight of —- Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
Calla rot (B. aroideae)!*........ 1% .465 gr. 111. 0. 
Pem Der was. cubits ener crepe 1% 24. tee 1115 
x Rae: Beciarcue oe Rie thee 1% wEbes Dicer 0. 
VERIMONG LSC ACACULD une hese eee tie ae 1% .344 “ a ta 
ie LVL sete a nee 1% SoH OP Mikes 
B. carotovorus.....° ae. 3 Ree ee ee .467 “ il Oz 





* In some other trials Calla rot has proved about like B. carotovorus in 
enzymic activity. ; 


SERIES IJ. NINE DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL; 
CYTOLYTIC ACTION TESTED ON RADISH. 
Weight of Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
PembervaAt, cy sae eee sake ere Lee we Neo ek. oR lal 0. 
NgcrueatojyeGge >, OMANI 65, ies Riga ae 1.4% no A ee thik 0. 
# TTR aes lease eA Rae 1.3% eo OL one Le 0; 
S EIS tener coe. 4 nt, lots 1.4%: 1308 "ee NIG Be Os 
Tes Vg Geo Bic thas 1.2% 434 “ 1 0. 
2 2.4 G1 Se SO ee Oe 1635 PSoOGHa: iz GO: 
4: DG ORE MEL. iar aS Nin Le WARY i te 0. 
Ls CORT Seas 1.4% .260 “ 1s 0. 





Series IIT. SEVEN DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL; 
EXCEPT THAT MORSE’S 98 SHOWED LESS AND PEMBER’S 2 HEAVIER CLOUD- 
ING THAN THE REST; CYTOLYTIC ACTION TESTED ON RADISH AND TURNIP. 

Weight of Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
Vermont DO Vit weak: pee Ls .300 2r. 1h 0. 
3 D.40, GS Be at Bo 5 ae 1.% BT WIE Bs L1e Gy 
5 SOX Te ey ote 1.1% POA lane ih 0. 
4 RK el See ere? oe Se 0.7% (o4444 Ley uke 
ef CIV ee eae eee ee 0.9% a2 bes mars 0. 
"2 Olite tries cues 12% HLSo ne 1 Wi he 0. 
Pember t@oni eee ee eee 0.8% P3601: 11 0. 
A OAD Re tn 3 2 og e  aE r LS PooOI Oz Oa 


SERIES IV. SEVEN DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL; 
CYTOLYTIC ACTIVITY TESTED ON TURNIP AND RADISH. . 


. Weight of —_ Cytolytic Diastatic 
Organism. Reaction. Precipitate. activity. activity. 


Meront S LVI is. spree 1 eg RA 0.315 gr. Lie Ox 
. GLX Ae ae 12 OVoaD a: yy be O. 
a kg Leen ee | ee 0.8% O[386R. a O. 
4 iT Late acer ere meme) ra 7% 0523055 i igi Ie 0. 
es LAN Fae Wace Cake pels OveLiAe 1 Ta: 
= AGN sete eee LA D 304a5 a 0. 
XGV EF Sheena 2. eee 12% Ono Ome ie 0. 
He DO. Og Ee ne Nae, cn eo 7 OVS08es Bie 0. 
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SERIES V. SEVEN DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL; 
CYTOLYTIC ACTIVITY TESTED ON TURNIP AND RADISH. (VERMONT XLVIII 
FROM SERIES IV WAS INCLUDED IN HERE AS A CONTROL. ) 


Weight of Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
Vermont CO Re ooec act ee ere deatente 1.3% 0.334 gr. Die 0. 
Lye as ee LE2% OR 23 Suu VR lah O73 
New york, GL Sta eee es L295 Ov4TOr i Qe 
Miller Sy Nou Deen. 0.9% 0.380 “ Ce Or 
= 0. Be Sees ie es Chee ae 0.1% OF3s4-> Le O. 
< Miller 2, NG#2 iy Stes 0.9% 022524 ets 0. 
2 OM Ret Blae ce pain 1.2% 0.400 “ bale Op 
4 ORR Gi Ge. tee ks o. ee 0.440 “ 1a OF 
Tel% ORs Bass PV: O. 


WermlOminmes GV Liles tess. 


Series VI. SEVEN DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE EXCEPT 
GENEVA 10 WHICH SHOWED HEAVIER CLOUDING AND PELLICLE; ENZYMIC 
ACTIVITY TESTED ON TURNIP AND RADISH. 


Weight of Cytolytic Diastatic 


: Organism. Reaction. Precipitate. activity. activity. 
NewevorkeMiller 3.03% 2.0.1, oc... a5 0.361 gr. ate 0. 
“ Miller, 34 ils TAS 1.5% 0.240 ate On 
iy Riverhead 3 ated abe ee Oe2Z50mes Lvs 0. 
“s OPUELL Gasas oar oe) ate 123i% 0.134 ° ip O. 
s (OPA vine yee ey, ene ered 1.5% 0.264 “ Elle (Bi, 
4 Riverhead 2) it. sn: 1.8% Or237 4 pie 0. 
Weerenong gw VELL 2 6 fo) od 2% 1.5% 0.258 “ Lit. 0. 


SERIES VII. SEVEN DAYS’ GROWTH; CULTURES SIMILAR IN VIGOR AND 
GENERAL APPEARANCE; TESTED ON TURNIP. 


Weight of Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
IS SGALOLOMOTUS esate: 6 ben ase we 4% 0.689 gr. a 0. 
Kale rot (Spieckermann)....... 2.% 0.626 “ 1m A 0. 
MGT ECOU. 1) Sete ek even) onto he ee 1.8% 0.674 “ plata Oy 
IBM OlELeRCEAG sich. ccy-.e.o bia, cn wis ck 7% Ovso0n” ie 07 
SBOE TVOLUGS fee are cle ah he 1.8% 0.435 “ Te 0. 
Potter’s bacillus...... SE 9G) Ri Daa 02.676" aiply ray 


.These results are in general accord with those of preceding 
investigators so far as published. 

Potter describes (1899, 1900) for his Pseudomonas destruc- 
tans action upon the wall like that we have observed for B 
carotovorus. He records later (1902: 398) evidence of direct 
_ penetration of the softened cellulose remnant of the wall by 
the organism. This is probably to be regarded as due to 
physical pressure rather than to solution of membrane, though 
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it is so interesting and important a thing that it is to be hoped 
that further confirmatory evidence may be adduced. Potter 
also records diastatic action by this organism. In comparing 
our results with his it is to be borne in mind that the organism 
we have in culture is probably not his original organism, since 
this is a Bacillus instead of a Pswedomonas. 

Spieckermann (1902) describes in detail cytolytic action. by 
his organism identical with that observed by us, and absence 
of diastatic action. 

Van Hall (19038) likewise describes in detail cytolytic action 
stopping short of complete solution of the cellulose wall and 
absence of diastase action by Bacillus omnivorus. 

Harrison (1902) has attributed solution of the middle la- 
mella to the organisms described by him. 

We are therefore convinced that in all of these cases, includ- 
ing the forty-five strains of organisms from different sources, 
there is developed the same middle-lamella-dissolving enzym 
as in B. carotovorus, and that moreover in all cases alike there 
is neither complete solution of the cellulose elements of the 
wall nor diastatic action. 


CYTOLYTIC ACTION AS RECORDED FOR OTHER BAC- 
TERIA. 


The fact that the softening and solution of plant cell walls 
result from certain bacterial growths has been known for many 
vears. 

Mitscherlich in 1850 observed the destruction of cell walls 
and consequent liberation of starch when potatoes decompose 
in water, and believed it due to the vibriones which develop in 
the liquid. 

Van Tieghem (1879) studied the decomposition of various 
vegetable tissues. He considered this due to the action of a 
single polymorphous species of Bacillus to which he gave the 
specific name amylobacter. He found that these organisms 
could decompose only the vounger or less resistant tissues. 
Old tissues and those lignified, cuticularized, or suberized were 
resistant to the action as also was the cellulose of bast fibres. 
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De Bary (1887: 101) accepted van Tieghem’s account of the 
breaking up of cellulose membranes by a “ diastatic enzym ” 
in the process of decay attributed to Bacillus amylobacter. It 
is, however, generally agreed by bacteriologists to-day that this 
name is applicable to a class of bacteria rather than to any 
single species. 

Vignal (1889) in his monograph on Bacillus mesentericus 
vulgatus records that it secretes a ferment capable of disso- 
ciating the cells of potato tubers by dissolving the intercellular 
substance, i. e., middle lamella, but without dissolving the 
cellulose of the wall. Similar action occurred upon parenchy- 
matous tissues of beans, chestnuts, turnip, carrot, cabbage, 
beets and numerous young stems when these were immersed in 
the cultures. In none of these did full solution of the cellulose 

ralls occur even after three months. It is noteworthy that 

this organism at the same time developed several other enzyms, 
viz., diastase, a proteolytic enzym, and a rennet, and that the 
cellulose remnant of the wall persisted in the presence of all 
of these. 

Heinz (1889) observed a similar disorganization of the tis- 
sues of hyacinth as a result of the invasion of the tissues by 
the organism he describes as Bacillus hyacinthus septicus. It 
is noteworthy that he found this organism incapable of lique- 
fying gelatin, in which it differs from the carrot-rot organism. 

Van Senus (1890) observed the solution of fibrous and paren- 
chymatous plant tissues. by bacteria. He attributes the action 
to B. amylobacter and a smaller kind acting conjointly, neither 
alone accomplishing it. His methods have been considered by 
later investigators too crude to insure reliable results.” 

Kramer (1891) isolated from decaying potatoes an aerobic 
spore-forming bacillus capable of dissolving the intercellular 
substance of potato tissue, and of attacking the cellulose mem- 
brane also. 

Frank (1899) found dissociation of the cells of potato as a. 
result of the invasion of Micrococcus phytophthorus. The 
action of this organism likewise stopped short of the solution 


* Cf, Ometianski, 1902: 200. 
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of the cellulose layers, removing only the middle lamella, and 
also left the starch grains intact. 

Wehmer (1898) studied the bacteria concerned with the rot- 
ting of potatoes, all of which he regarded as of saprophytic 
nature. He found two types of decomposition to occur, asso- — 
ciated with different organisms. In the first, “ breifaule,” the 
middle lamellae only are dissolved. He considers that the acid © 
produced by bacteria may be the agent in this solution of 
the pectic componds, rather than an enzym. In the second, 
“ schleimfaule,” there is ultimately solution or the entire wall 
substance. 

Laurent (1899) working with Bacillus coli communis found 
that, although normally a saphrophyte as concerns plant tis- 
sues, yet when inoculated into weakened vegetables it developed 
there and in so doing acquired virulence as a parasite upon 
potatoes of full vigor, and also upon turnip and onion. There 
was no secretion of diastase (amylase). Heating the culture 
to 62° C. for five minutes destroyed this ferment. 

Lepoutre (1902), continuing Laurent’s work by similar 
methods, developed strains pathogenic to plant tissues of three 
other species of bacteria, normally saprophytic, viz., Bacillus 
fluorescens liquefaciens, B. mycoides and B. mesentericus. The 
first acted like B. coli communis in Laurent’s cultures, viz., 
dissolved the middle lamella, but not the cellulose or the 
starch. Lepoutre considered the solution of the lamella due 
to an enzym which he speaks of as a variety of pectinase, 
evidently accepting the name suggested by Bourquelot and 
Herissey (see discussion later in this paper). 

Migula (1900:529) states that the culture of his Bacillus 
asterosporus upon slices of cooked carrot leads to the solution 
of the middle lamella. 

Winogradsky (1895) studied the retting process of flax and | 
considered it due to a single specific anaerobic bacillus. He 
concluded that this fermented the pectin elements readily but _ 
was without influence on cellulose proper, e. g., Swedish filter 
paper. This conclusion is in accord with the opinion expressed 
by Kolb (1868) that the retting process is essentially a pectic 
fermentation. 
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Behrens (1902) studied further the organisms concerned 
with the different methods of flax retting. He found that in 
all cases alike the essential thing is the solution of the middle 
lamellae of the parenchyma cells. He concluded that in the 
latter process a specific anaerobic bacillus is the agent, while 
‘in other processes fungi (Mucors) take the active part. 

Haumann (1902) studied the flora of retting flax and con- 
cluded that there are numerous species of bacteria and fungi 
active in the process. He found several of these species capable 
of liquefying calcium pectate. 

Doubtless further search would reveal other records of the 
solution of the middle lamella without evidence of the solution 
of the cellulose layers. It may safely be inferred, in our judg- 
ment, that the action in most of these cases was like that in 
the soft-rot organisms studied in our laboratory. These cita- 
tions will at least suffice to emphasize the point that such ac- 
tion on middle lamellae apart from action on cellulose is a 
common occurrence in bacterial fermentation. It must not be 
concluded, however, that cytolytic action by bacteria is con- 
fined to the middle lamella and like parts of the wall. While 
this is the action concerning which we have the most detailed 
evidence, proof is not lacking that there are bacteria capable 
of causing the.full solution of parenchyma walls, and even of 
the more resistant cellulose of fibre. 

EK. F. Smith (1908) has shown this in his painstaking work 
upon the black rot of the cabbage caused by Pseudomonas 
campestris, 

No other equally convincing evidence has come to our atten- 
tion as to like action by bacteria parasitic upon plants. We 
have no doubt, however, that such cases will be found not 
infrequently as bacterial plant diseases are more fully investi- 
gated. 
Omelianski (1895) began in 1894 a study of the solution of 
normal or typical cellulose as represented by Swedish filter 
paper. The final summation (1902) of his painstaking work 
shows that at least two species of bacteria are capable of caus- 
ing the complete solution of this most resistant cellulose. He 
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believes that further study will reveal other such organisms. 
He considers that in the so-called * cellulose-fermentation,” 
earlier writers were dealing chiefly or wholly with the more 
easily hydrolvzable celluloses and pectic compounds. 


CYTOLYTIC ACTION OF CERTAIN FUNGI. 
Although it has long been known that fungi penetrate cell 
walls, de Bary (1886) first separated a cytolytic enzym from 
the living fungus and studied its characters and action. He 
thus proved that Peziza sclerotiorum (NSclerotina libertiana) 
secretes a soluble ferment which causes some swelling of the 
walls of vegetables invaded by it, followed by a solution of 
the middle lamella and consequent isolation of the cells. He 
observed a partial solution of the inner lamellae, and the re- 
sidual portion gave a beautiful cellulose reaction with chlor- 
zinc-iodide. se 
Ward two years later (1888) did his painstaking work on 
the lily Botrytis. Here he found an enzym which causes a 
swelling and laminations of the inner and solution of the mid- 
dle lamella of the cell walls of the host plant. He considered it 
“extremely probable this ferment is of the same nature as the 
one extracted by de Bary.” Ward also observed the extension 
of cytolytic enzym drops from the tips of the Botrytis hyphae, 
which he considered to be associated with the hyphal growth. 
Arthur (1897: 499) records similar lateral exudations upon 
the young hyphae of Rhizopus, which he believes to be asso- 
ciated with the local secretion of cytohydrolytic enzym., 
Laurent (1899) in subsequent studies upon the Sclerotinia 
enzym found it to be destroyed by heating to 54° C. when in 
solution, whereas it required 62° C. to destroy the middle la- 
mella dissolving enzym of Bacillus coli communis. He con- 
cludes from this that these enzyms must be different. His 
argument is less convincing from the fact that his two enzyms 
were secured from cultures made on different vegetable media, 
viz., artichoke in one case and potato in the other. There may 
have been by-products from the Sclerotinia culture which low- 
ered its resistance. The fact was referred to, earlier in this 
paper, that Green (1901 :448) and others have recorded much 


New YorK AGRICULTURAL EXPERIMENT STATION. 195 


wider differences, under varying conditions, in the thermal 
destruction point of certain other enzyms. This must at least 
niake one cautious in accepting conclusions drawn from such 
evidence. | | 

Kissling (1889) studied the pathogenic action of Botrytis 
cinerea and found that it formed a poison which kills the 
protoplasm of the invaded tissues, and which he thought en- 
zymic and the same as the ferment secured by de Bary from 
Peziza.- Kissling did not, however, differentiate between the 
two changes which occur, viz., the death of the protoplasm and 
the dissociation of the cells. 

Kean (1890) showed that the decay of sweet potatoes and 
other vegetables as a result of the invasion of Rhizopus nigri- 
cans (Mucor stolonifer) is due to an enzyin which softens the 
tissues, but he does not give the details of the changes as 
secured under the microscope. He found a similar softening 
by the juice expressed from potato leaves infested with Phy- 
tophthora infestans, also from a Botrytis growing on stone 
crop (Sedum). 

Miyoshi (1895) observed the penetration of the walls of 
different plants by Botrytis and Penicillium and inferred the 
presence of an enzym, but did not isolate it. 

Behrens (1898) published the results of his extensive studies 
upon the pathogenic action of Botrytis vulgaris (B. cinerea)'® 
upon fruits and clearly distinguished between the toxic and 
cytolytic action. -He showed that there is a toxin developed 
which is not destroyed by boiling, thus confirming de Bary’s 
observations, and in addition an enzym or enzyms which acted 
like de Bary’s in causing dissociation of the cells. He found 
enzymic action from Penicillium glaucum and P. luteum, but 
only upon the middle lamella. In order to determine the 
relation to cellulose and calcium pectate respectively he grew 
these fungi for forty-eight days on culture fluids containing 
Swedish filter paper. He found that Botrytis reduced the total 
solids whereas these increased with the other two. He con- 
cludes that Botrytis is capable of dissolving cellulose, probably 


teSmith, R. E., shows these names to be synonyms. 
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converting it into dextrine, whereas the others are not. -He 
then cultivated all three upon a synthetic medium containing 
1% calcium pectate. He found that these fungi grew better 
upon this than upon a-similar medium containing arabinose 
instead of the pectate. On the other hand Oidiuwm fructigenum 
did better on the arabinose medium. This result accorded 
with his later observations that the first three dissolve the 
middle lamella of host plants by enzymic secretions, whereas 
the Oidium cannot, but makes its way wholly by mechanical 
pressure. He is of the opinion thet the enzym of Penicillium, 
which dissolves the middle lamella but not the cellulose, is 
different from the cellulose-dissolving enzym. 

Nordhausen (1899) at about the same time made, independ- 
ently, similar studies upon Botrytis cinerea and reached very 
nearly the same conclusions. He emphasizes the fact that this 
Botrytis differs somewhat in its action from Ward’s lily fun- 
gus in that the enzymic solution of the middle lamella is not 
accompanied as a rule by the strong swelling of the inner or 
cellulose layers. In this respect the action is more like that 
of de Bary’s Sclerotinia. He considered the swelling observed 
by Behrens, of the cell walls of RYT RIOT CAGE ay an excep- 
tional thing for this fungus. 

R. E. Smith, in a recent paper (1902) on Botrytis cinerea, 
reports that while it dissolves the middle lamella of lettuce 
parenchyma it causes no swelling of the residual layers. More- 
over, he found the action occurred even after the fungus ex- 
tract causing it had been heated to the boiling point. He con- 
sidered that this action is probably identical with that of de 
Bary’s Peziza, but that in Ward’s lily fungus and Potter’s 
turnip bacterium an enzym was produced different from any 
ordinarily produced by Botrytis cinerea. He emphasizes the 
importance of the rdle of oxalic acid, which is formed by this 
fungus and also by de Bary’s 

Griss attributed the cytolytic action of Penicillium to dias- 
tase. He applied the name alloédlysis to such action in which 
the enzym evidently penetrates the substance and the solution 
is preceded by visible changes, forming a “ corrosion zone,” ag 
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Fic. 8. Camera drawings of margin of a very thin section of carrot root 
tissue; a, normal. a’, same 13 minutes after immersion in 5 per cent. 
solution of enzymic precipitate of B. carotovorus. (See also Fig. 4 where 
same solution was used.) Since the projecting wali fragment at 0' was 
most fully exposed to the cytohydrolytic action it was carefully measured 
to determine whether it would undergo any shortening. The enzym solu- 
tion was renewed, with the addition of chloroform to inhibit bacteria, and 
the slide kept under observation for three weeks, but no further solution 


occurred. 
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Fig. 9. Similar camera drawings of a bit of the cell wall projecting 
from the margin of a thin section of carrot-root tissue. The normal wall 
is shown in a; b, the same after 20 minutes action of 2.5 per cent. aqueous 
solution of taka diastase; c, after 22 hours action, showing the gradual 
solution of all parts, the middle lamella being more persistent. 
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Fic. 10. Similar drawings from another preparation; normal carrot 
walls shown in a; b, the same after 2 hours action of 2 per cent. solution 
of taka diastase. The continuous lines show the more persistent middle 
lamellae. The innner lamellae were entirely dissolved in places. 
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contrasted with the surface erosion (‘ “Sea Ok 
starch grains by diastase." 

Newcombe (1899) published the results of studies upon the 
commercial preparation, “ taka-diastase,” which is the enzym- 
containing precipitate from the fungus Aspergillus oryzae. 
His tests upon barley endosperm sections showed a cytolytic 
action. The walls became hyaline, first near the middle, this 
change then progressing through the inner lamellae toward 
the cell lumina. Following this, these wholly hyaline walls 
(inner lamellae) began to disappear from the borders (cell 
lumina) toward the middle of the wall so that a faint and thin 
middle lamella often persisted for forty-eight hours after the 
beginning of the ‘experiment. A similar melting away of the 
walls of the aleurone layer occurred more slowly. Newcombe 
also studied its action on the cell-walls of the cotyledon of 
Lupinus albus with like results, the middle lamella again proy- 
ing more resistant to this enzym than did the inner lamellae. 

We have repeated Newcombe’s work and found the results 
_as he describes. Trial was then made of taka-diastase in com- 
parison with the enzym from B. carotovorus on carrot-root 
walls. The results are shown in the accompanying figures 
8-10. 


THE CYTOLYTIC ACTION OF POLLEN-TUBES. 

Elfving (1879) and Strasburger (1884) have studied the 
development of pollen tubes and found that in general they 
burrow through the plane of the middle lamella, thus passing 
between the cells rather than through them. 

Miyoshi (1894) found the tubes capable in some cases at 
least of actually penetrating the walls. Both Miyoshi and 
Green (1894) conclude that the action of pollen tybes is such 
that the secretion of a cytolytic enzym must be inferred. Green 
made a series of careful experiments with pollen both before 
germination and during the process planned to demonstrate 
the presence of this and other enzyms which he judged to be 
present. He secured inulase and diastase but was unable to 


See abstract of Griiss article. Centralbl. f, Bakt. II 2: 585 (1896). 
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get.evidence of cytolytic action from the extracts of any pollen 
he tested. 

No later trials have come to our attention and we are there- 
fore unable to go further than to make inferences as to the 
presence of a cytolytic enzym in pollen. Green concludes that 
it is there in spite of his failure to secure it and that it is 
similar to the lamella-dissolving enzym of Ward’s lily Botry- 
tis. The penetration of the walls observed by Miyoshi may 
easily have resulted from mechanical pressure without the 
complete absorption of the cellulose layers of the walls. 


CYTOLYTIC ACTION IN SEEDS AND OTHER STORAGE TISSUES 
OF THE HIGHER PLANTS. 

The endosperm of seeds has the cell membranes character- 
istically of the easily-hydrolyzed or hemicellulose type, and 
the same is true of other plant storage tissues such as fleshly 
roots and tubers. The solution of these in the normal processes 
of germination or growth-resumption has long interested plant 
physiologists. ) 

Sachs (1862) observed the solution of the endosperm of the 
date palm, Phoenia. This was attributed to an enzym, but 
attempts at isolation of a soluble ferment from the seeds of 
another palm, Livistonia, by Green (1893:94) failed and it 
remained for Newcombe (1899: 67) to secure the cytolytic 
enzym from germinating seeds of Phoenix dactylifera. 

The first enzvm of this class isolated from seeds was, how- 
ever, obtained by Brown and Morris (1890) from barley malt. 
They found that the alcoholic precipitate of malt extract con- 
tained a cytolytic enzym in addition to diastase. This func- 
tions, during normal germination, leading to the solution of 
the endosperm walls preceding the solition of the starch gran- 
ules by the diastase. The details are of interest: First, a 
slight swelling of the inner lamellar walls, bringing out evi- 
dence of stratification; second, the gradual solution of the 
modified inner lamellae, the middle lamella being the most 
resistant; third, the solution of the middle lamella. Newcombe 
(1899.52) repeated and confirmed their observations later and 
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states that the inner lamella was dissolved down to the middle 
lamella within five to fifteen hours, whereas the latter per- 
sisted for from one to ten days before complete solution. 

Brown and Morris (1890: 500), testing the barley enzym on 
other tissues, found potato sections rapidly decomposed. It 
was found that the cell walls swelled, became differentiated 
into very thin laminae which later broke up into spindle- 
shaped fragments and ultimately disappeared with the excep- 
tion of a thin layer representing the middle lamella. The 
artichoke, carrot and turnip behaved like the potato, but beets 
and apples were affected little or not at all. Heating to 60° C. 
rendered the enzymic solutions inactive on the walls, whereas 
this diastatic action withstood 70°. 

Brown (1892) has since found a like enzym in oats and rye 
and reached the conclusion that the cytolytic action which 
occurs in the early stages of the digestion of these grains by 
animals is due to the action of the ferment present in the 
grains themselves rather than to the digestive juices of the 
animal. 3 

Gardiner (1897 :106) observed solution of the walls in the 
endosperm of Tamus communis during germination. The dis- 
organization of the walls was accomplished by marked stratifi- 
cation and the middle lamella was dissolved first, the inner 
lamellae later. | 

Grtiss (1896) in working upon germinating barley, observed 
the same changes as Brown and Morris, and applies the name 
“ allodysis ” to the behavior. His use of the term was ex- 
plained earlier in the article. He speaks of four sorts of 
“ diastase” which may be differentiated in germinating barley, 
(1) translocation diastase, (2) secretion diastase, (3) glukase, 
(3) cytase. He holds that the last of these ‘“ must yet be held 
as questionable,” concluding that “ secretion diastase” may 
cause the cytolytic action and may be more and more weak- 
ened by heating above 50° C., so that it loses the power pre- 
viously possessed of acting on saccharo-colloids. It is of inter- 
est to note that Griiss’ use of the word ‘‘ cytase ” in the above 
connection marks the origin of this word so far as we have 
learned. 
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Reinitzer (1897) likewise refused to admit that the cytolytic 
action in barley is due to another ensym that diastase 
although he considers that an enzym, cytase, differing from 
. the barley enzym may occur in seeds having the walls thick- 
ened with hemicellulose as a reserve material. 

Bourquelot and Herissey- (1898) made trial of the enzymic 
action of a barley malt extract, secured by the method of alco- 
holic precipitation, upon a solution of pectine from gentian. 
They found evidence of the presence of an enzym, destroyed 
by heating to the boiling point, which was capable of so chang- 
ing pectine that it cannot thereafter be gelatinized by the 
action of the clotting enzym, pectase. This is, they believe, 
due to the conversion of the pectine into reducing sugars. 
For this enzym they propose the name pectinase. 

Green (1901 :104) considers that they did not prove this 
“ pectinase ” to be different from the cytolytic enzym of Brown 
and Morris, since the French observers did not determine what 
constituent of the wall is affected by it. Green appears, how- 
ever, to have overlooked a later publication by Bourquelot 
(1899: 567) in which he states that when the solution of pec- 
tine was coagulated by pectase and this coagulum treated with 
the mait enzym solution it gradually disappeared and coinci- 
dently reducing sugar was found, showing that it was a pro- 
cess of hydrolysis. He considers the action of these two 
enzyms, pectase and pectinase, on the compounds of the pectic 
series ‘analogous to that of rennet and trypsin, respectively, on 
casein, in that one causes coagulation of the soluble forms 
while the other liquefies the coagulum through hydrolysis. As 
confirmatory of his conclusions he cites experiments wherein 
he added the two enzyms simultaneously to the pectine solu- 
tion. When the proportion of the pectase was larger as com- 
pared with the amount of pectinase there resulted first coagu- 
lation and then the gradual liquefaction of the coagulum. 
When the proportions were reversed no coagulation took place. 
These latter experiments would seem to disarm any suspicion 
that the solution of the clot as reported in the first experiment 
was due to bacterial development. It is, however, a matter of 
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regret that Bourquelot gives practically no details as to his 
methods in these experiments, since it is evident from his 
statements that the changes occupied considerable lengths of 
time; and one would wish full assurance of the absence of 
bacterial growth. 

In some of his other work with enzym solutions he relied 
‘upon chloroform, in some on * thymol water,” both of which, © 
we have learned, must be used with painstaking, if bacterial 
growths are to be suppressed with certainty. In some cases 
he has depended upon frequently raising the temperature of 
the solutions to 50° C. to destroy bacteria. 

In spite of these criticisms, however, it seems to us that the 
conclusions of Bourquelot and Herissey must be accepted, viz., 
that there is present in barley malt an enzym, their pectinase, 
which hydrolyzes pectine, and also an enzym, presumably the 
same, which hydrolyzes the pectic coagulum. Since this latter 
is regarded by most chemists, including Green, as calcium pec- 
tate and the same as the middle lamella in composition, the 
name .pectinase becomes applicable to the middle. lamella- 
dissolving enzym of barley malt. 

The strongest objection to this dictum is that there may be 
insufficient ground for their conclusion that the action upon 
the pectine and the coagulum is due to one and the same 
enzym. These are closely related compounds and it seems to 
us their conclusion must be accepted until the contrary is 
proved. There is nothing in their publication to indicate 
whether or not they regarded their “ pectinase ” as capable of 
causing the solution of the hemicelluloses also. Since, however, 
they do not state to the contrary and later name only three 
enzyms as occurring in barley malt'® (diastase, trehelase and 
pectinase), we are led to infer that they so regarded it, and 
therefore, as Green says, they did not clearly define their * pec- 
tinase”’ as different from Brown and Morris’ cytolytic enzym, 
for which Griiss later proposed the name ‘* cytase.” 





18 Bourquelot, Em. Sur V’hydrolyse des polysaccharides par les ferments 
soluble. Jour. Pharm. et Chem, 16: 581, 1902. 
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Newcombe (1899) made a comparative study of cytolytic 
enzyms in the course of which he repeated and verified the 
observations of Brown and Morris upon the barley enzym and 
secured similar soluble ferments from some other germinating 
seeds. He found the enzymic extract from the cotyledons of 
Lupinus albus to be strongly cytolytic and but feebly amylo- 
lytic. Extracts from both the cotyledons and the endosperm 
of Phoenia dactylifera showed cytolytic and amylolytic activ- 
ity, and here again the cytolytic action was relatively greater. 
There was, however, a noteworthy difference between the two 
date-seed extracts in’that the one from the cotyledons had 
much greater amylolytic strength and relatively weaker cyto- 
lytic activity. This showed that the action on starch and the 
action on cell wall were distinct and independent processes. 
This evidence was further strengthened by comparisons of 
these with barley malt extract and with taka-diastase, both of 
which were found relatively stronger in amylolytic action. 
This seems conclusive as against Reinitzer’s contention that 
the cytolytic action was due to diastase. nae 

Further comparisons showed also a lack of correlation be- 
tween the rate of solution of the middle lamella and inner 
lamellae, respectively. Thus the five solutions were made to 
such a strength that all showed a like rate of action on starch. 
Sections of barley endosperm were then immersed in them and 
the periods necessary for complete solutions of inner and of 
middle lamellae, respectively, in each found to be as follows: 





Solution Solution 
; of of 
Source of extract. inner lamella. middle lamella: 
Lupinus.cotyledon.....4....- required 9 hours... . .required 21 hours. 
Date endosperm............. Y OLS ee f. ¥ LS 
Da CeCORVECCLOM ek. aks a bad dein be Papal aa : VS 
KA -GlAStase ote. nel. Seo e's a 94-116 ive: e- OVENS Low 
OES TE eS, ee ae 94-116 “ Eh ae 4 UEDA te 








These figures also serve to indicate the difference in the 
relative amylolytic and cytolytic activities discussed above. 

Green in the second edition of his work on Fermentation 
(1901 :105) cited these observations of Newcombe’s as confirm- 
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ing his earlier idea that “there appear to be two varities of 
cytase, one attacking most readily the middle lamella, the 
other the layers deposited upon it.” 

It only remains to refer in this connection to the accounts 
of two other enzyms of the cytolytic class. 

Effront (1897) obtained from the carob bean a ferment he 
calls caroubinase. This acts upon a peculiar carbohydrate 
caroubin, differing from both starch and cellulose, which he 
obtained not only from this bean but also from barley and rye. 
Caroubinase has been classed with the cytases, but differs 
from those previously discussed in that it withstands a tem- 
perature as high as 80° C. It is of interest in the present 
discussion only as suggesting that other classes of cytolytic 
_enzym may be revealed upon further investigation. 

Wiesner (1885) states that there occurs in gum arabic an 
enzym capable of transforming cellulose into gum and muci- 
lage. This apparently needs further study before acceptance, 
but it again suggests the same idea. 


CLASSIFICATION AND NOMENCLATURE OF THE 
CYTOLYTIC ENZYMS. 

In the first place we would again call attention to the fact 
that these studies have added strength to the argument that 
the cytolytic enzym or cytases stand in a class apart from the 
amylolytic enzyms or disastases. This is evidenced by the uni- 
formly lower point of thermal destruction of the cytases; by 
the fact that cytases occur which show no diastatic action 
whatever, e. g., that of B. carotovorus ; by the further fact that 
diastases occur which show no cytolytic action whatever, e. g., 
that of saliva.!? Where enzymic solutions show both cytolytic 
and amylolytic activity they have been found to exercise these 
in unlike ratios, sometimes one and sometimes the other pre- 
dominating, as shown by Newcombe. The only conclusion per- 
missible is that in such cases two enzyms occur in mixture in 
varying proportions. 


w Ct. Browns HL, .L8oseaoo. 
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As to the cytolytic enzyms, we are convinced that Green is 
right in his conclusion that these fall into two natural groups, 
the one active upon the pectic, and the other upon the cellulose 
elements of the cell membrane. Since both of these elements 
include a complex of chemical compounds we would naturally 
expect a corresponding variety to be shown in the enzyms 
which act upon them. There is, indeed, evidence that this 
does occur. The fuller understanding of the chemistry of the 
cell meinbranes must, however, precede such further subdivision 
of the enzyms acting upon each. For the present we can at 
least accept the following as representing well-defined groups 
of components in the simpler or less modified plant tissues: 
1. True celluloses. 2. Hemicelluloses. 3. Pectic compounds. 
In the more modified tissues there are other compound cellu- 
loses, ligno-cellulose, etc., which do not here concern us. 

Evidence is not lacking that there are enzyms capable of 
hydrolyzing the true celluloses, but further study is necessary 
before their relationships can be defined. The cytolytic en- 
zyms, which have been studied in sufficient detail so that we 
can characterize them, act only upon the last two of these 
three classes. As already indicated, we consider these enzyms 
to be as clearly separable into two groups or kinds as are 
the wall elements upon which they act, and we believe it must 
conduce to clearness of understanding if a distinct name be 
accepted and defined for each of these kinds of enzym. 

The enzym of B. carotovorus and the related soft-rot bac- 
teria is a good example of one acting upon the pectic com- 
pounds, but not hydrolyzing the hemicelluloses. Such anenzym 
has heretofore been referred to usually as “cytase.” If the 
cytolytic enzyms are to be differentiated some more specific 
name must be found. Following the custom of naming enzyms, 
pectase would be the right name had it not been applied to 
Fremy’s ¢lotting enzym. If one accepts the grouping of the 
celluloses outlined by Cross and Bevan and: considers these 
pectic elements of the wall to occur in compound with cellulose 
or pecto-celluloses preference might be given to the name pecto- 
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cellulase. This is not free from objection, however, since their 
term pectocellulose was applied to a hypothetical compound 
made up of non-hydrolyzable cellulose elements and _ pectic 
elements which pass into solution under the influence of this 
enzym. ‘his name if adopted would suggest an enzym capable 
of action on both these components alike, 

All things considered, we favor the name pectinase, which 
was suggested by Bourquelot and Herissey, as already ex- 
plained. An objection to this name is that it was originally 
applied to the enzym which hydrolyzes pectose. Later it was 
found that this same extract hydrolyzes the coagulum, or pectic 
clot. It was inferred that this latter action is due to the 
Same enzym as the former. Although this was not demon- 
strated, it seems to us sufficiently probable to justify its ac- 
ceptance as a satisfactory working hypothesis, and if so this 
name must be accepted for the enzym under discussion. As 
more broadly defined, then, pectinase is capable of hydrolyzing 
pectose when in.selution so that it will no longer yield a clot 
under the influence of pectase, and also of hydrolyzing the 
pectic coagulum and the pectic elements in the cell wall, viz., 
the middle lamella and parts of the inner lamellae of certain 
tissues. As a further justification of the acceptance of the 
name pectinase in the broader sense we note a tendency in this 
direction in certain writings which have appeared since its 
promulgation.”” 

Bourquelot and Herissey did not so define their enzym as to 
exclude its action on hemicellulose; in fact, the barley malt 
solution with which their work was done does so act. As 
already explained, this hydrolytic action on hemicellulose pre- 
dominates in the cytolytic action of taka-diastase, although 
action on the pectic compound occurs also. Since we have. 
made some observations upon this taka preparation we will 
base our discussion on that. Two explanations are available 
for action such as occurs here, and in like cases where there is 
solution of both of these wall elements, The first is that only 


*° See use by Lepoutre (1902), also Oppenheimer (1901:193). - 
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one kind of cytolytic enzym is present, which is allied to 
pectinase but diifers from it in that it acts primarily on hemi- 
cellulose and to a less degree on the pectic elements. The sec- 
ond is that two distinct cytolytic enzyms are present in mix- 
ture, viz.,. a small amount of pectinase, which causes 1{ e 
hydrolysis of the pecti¢ elements, and a relatively larger 
amount of another enzym which acts on the hemicelluloses. 
Newcombe’s results, referred to earlier in this paper, strongly 
favor the second of these two possible explanations and ex- 
clude the first. 

Accepting the conclusion that there is an enzym other than 
pectinase in taka-diastase, barley, malt, etc., of which the 
hydrolytic action is chiefly or wholly on the hemicellulose ele- 
ments of the cell membrane, we need a distinctive name for 
that also. The one introduced by Oppenheimer (1901 : 187), 
cellulase, seems fit except that it is too general. It implies an 
activity on the celluloses generally, and especially on the cellu- 
loses proper. This enzym, which acts only on the hemicellu- 
lose, may better be termed hemicellulase. This is a self-ex- 
planatory name and leaves the name cellulase to be appled 
either in a more general sense to all cellulose enzyms, includ- 
ing this hemicellulase, or, as would be preferable in our 
Opinion, reserving it for application to the enzyms which 
hydrolyze the celluloses proper, as recently studied by Ome- 
lianski (1902). - These terms, pectinase and cellulase, have 
heretofore been used rather vaguely as synonyms. of Grtiss’ 
term cytase, i. e., as applicable to cytohydrolysts generally. If 
they be restricted to the more exact usage defined above, it 
leaves the words cytohydrolyst, or better cytolyst, and cytase 
as convenient and satisfactory terms for use in the broader 
sense to include in a general or indefinite way both of the 
above, and indeed any other related’enzyms capable of hydro- 
lyzing the cell membranes, 
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REPORT OF THE BOTANICAL 
DEPARTMENT. . 


POTATO SPRAYING EXPERIMENTS IN _1908.* 


F. C. STEWART, G. T. FRENCH anp F. A. SIRRINE. 


SUMMARY. 


This bulletin gives the results of the seventh year’s work in 
the ten-year series of potato spraying experiments begun in 
1902. During 1908 the experiments were conducted along the 
same lines as in previous years. Twenty-seven separate ex- 
periments are reported. 





TEN-YEAR EXPERIMENTS. 


At Geneva, six sprayings increased the yield 39 bu. per acre 
and three sprayings increased it 294 bu. although both early and 
late blight were wholly absent and there were but few flea beetles. 
The chief trouble was tip burn. There was no rot. At River- 
head the gain due to five sprayings was 15.3 bu. per acre and to 
three sprayings 10.75 bu. Here, the chief enemies were the flea 
beetle and early blight. There was no late blight and no rot. 


FARMERS’ BUSINESS EXPERIMENTS. 


In fourteen farmers’ business experiments, including 200 acres, 
the average gain due to spraying was 18.5 bu. per acre; the aver- 
age total expense of spraying, $4.30 per acre; and the average 
net profit, $8.53 per acre. In five of the experiments spraying 
was unprofitable. 


VOLUNTEER EXPERIMENTS. 


Eleven volunteer experimenters reported gains averaging 66.3 
bu. per acre. These experiments do not fairly represent the 
results obtained from spraying in 1908. 

The chief trouble with potatoes in New York in 1908 was tip 
burn, caused primarily by. dry weather, but aggravated by flea 
beetles, leaf hoppers and other insects. Early blight was rare 
and late blight and rot almost wholly absent. The experiences 
of 1908 indicate that it is unwise to neglect spraying in dry 
seasons. sh 





* A reprint of Bulletin No. 311. 
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INTRODUCTION. 


Does it pay to spray potatoes in New York? Potato grow- 
ers have been asking this question for fifteen years or more. 
It is well known that in seasons when blight is destructive 
spraying will check the- blight and considerably increase the 
vield; but the majority of potato growers have doubted that 
spraying is profitable on the average. They argue that blight 
does not appear every year. In some seasons it causes but 
little if any damage, yet the spraying must be done regularly 
because it is impossible to foretell the appearance of blight. 
The result is that in some seasons spraying is profitable while 
- in others it is unprofitable and they doubt that the aggregate 
gain will pay the expense of spraying for a series of years. 

This Station has set out to find an answer to the above ques- 
tion. The investigation was begun in 1902 and is to be con- 
tinued until 1912. During ten consecutive years numerous 
potato spraying experiments will be made each year and at 
the end of the period the results will be averaged. The experi- 
ments are of three kinds: (1) Station ten-year experiments; 
(2) farmers’ business experiments; (3) farmers’ volunteer 
experiments. The ten-year experiments (two each year) are 
carried out entirely by the Station. The business experiments 
(18 to 15 each year) are conducted by farmers in codperation 
‘ with the Station. The volunteer experiments are carried out 
entirely by farmers. 

Bulletins previously published are: 


No. 
No. 
No. 
No. 
No. 
No. 


bo 


1. Potato Spraying Experiments in 1902; 
Potato Spraying Experiments in 1903; 
Potato Spraying Experiments in 1904; 
Potato Spraying Experiments in 1905; 
Potato Spraying Experiments in 1906; 
Potato Spraying Experiments in 1907. 
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New YorK AGRICULTURAL EXPERIMENT STATION. ey 
SUMMARY OF RESULTS OBTAINED IN TEN-YEAR 
EXPERIMENTS PRIOR TO 1908. 


RESULTS IN 1902. 


TaBLE I.—YIELD BY SERIES AT GENEVA IN 1902. 








Series. Rows.! Dates of spraying. Yield per acre.? 

Bu. lbs. 

1 4 ae ae deaeoee any Lo. ae July 10723 andAug? 12.0.5), 317 41 
Diuretics. ax 2, 5,8 and 14....) June 25, July 10, 23, 30, Aug. 

12, 26 and Sept. 10...... 342 36 

i 0 p ee Oo Poms Loch mae N OG, BTA VEC Wylie nto en aes acre 219 4 





1 Rows 10, 11 and 12 omitted because of probable error. 
? The yields given in Tables I to XII relate to marketable tubers only. 


Increase in yield due to spraying three times, 984 bu. per acre. 
Increase in yield due to spraying seven times, 1234 bu. per 
acre. 





The unsprayed rows died two weeks earlier than the 
sprayed rows, owing chiefly to a severe attack of late blight. 
They were also somewhat injured by flea beetles, but there was 
no early blight. On unsprayed rows the loss from rot was 714 
per ct.; on sprayed rows only an occasional tuber. 


TaBLEe II.—Y1eLp By SERIES AT RIVERHEAD IN 1902. 











© 





Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 

1 eee 2, 5, 8 and 11....| May 26, June 20 and July 12) 295 20 
Ere dees... 1, 4, 7and 10....| May 26, June 3, 20, 30, July 

. Deyo oathl cao es Git bat 312 35 

BELS Pee". Oty, Goad cathe) WNOUSPIAVed oso. 45 55% ce eh 267 40 





Increase in yield due to spraying three times, 27% bu. per acre. 
Increase in yield due to spraying seven times, 45 bu. per acre. 





In this experiment there were only traces of early blight 
and no late blight. The larger yield on sprayed rows was due 
to partial protection against flea beetles which were rather 
plentiful at times. There was no rot. 
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RESULTS IN 1903. 


Tapte IIJ.—Yreip sy Serizs at GENEVA IN 1903. 














Series. Rows. Dates of spraying. Yield per acre. 

. Bu. lbs. 

Leake Sk oe 1,4, 7,10 and 13.| July 14, 28 and Aug. 26....| 262 — 
fH BL oh Ee 2, 5, 8, 11 and 14.) July 7, 21, Aug. 7, 21 and 

Se Maen ae et 292 10 

1 8 NAA, ok p; 6, Of 12 and A. Net sprayed... 2.-op eek ey 174 20 


Increase in yield due to spraying three times, 88 bu. per acre. 
Increase in yield due to spraying five times, 118 bu. per acre. 


Three sprayings prolonged the life of the plants 11 days; 
five sprayings, 18 days. There was no early blight and the 
injury from flea beetles was only slight. Late blight was again 
the chief enemy. The loss from rot was even less than in 1902. 


TABLE IV.—YIELD BY SERIES AT RIVERHEAD IN 1903. 


= ted # Pees = 











Series. Rows. Dates of spraying. Yield per acre. 

, Bu. lbs. 

REN uP 1,4, 7and 10....| June 5, July 22 and Aug. 7. .| 246 45 
TL tos es he 2,90,8 and 11....| June-5, 24, July 7, 22 and ‘. 

Aue. “7 BA eee ere 263 10 

1th Senne | SO aha 1 2) Poh GNOt Bpraveds sak oeetie sie es Pr itr 10 














Increase in yield due to spraying three times, 394 bu. per acre. 
Increase in yield due to spraying five times, 56 bu. per acre. 


The sprayed rows outlived those unsprayed by several days. 
Late blight and flea beetles were the chief enemies. Early 
blight, also, caused slight damage. On the unsprayed rows 
the loss from rot was two per ct.; on those sprayed, practieally 
nothing. 
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RESULTS IN 1904. 


TaBLeE V.—YIELD BY SERIES AT GENEVA IN 1904. 

















Series. Rows. Dates of spraying. | Yield per acre. 





Bu. lbs. 
ree ee 1, 4, 7,10 and 13.| July 18, 27 and Aug. 15....| 344 30 
BOG dats “shit 2, 5, 8, ll and 14.} July 8, 22, Aug. 1, 15 and 29.| 386 40 
| Ss i re BrOr dw lorana Lo: | INO Sprayed. cas jcrs-<Gs Cae = 153 26 











Increase in yield due to spraying three times, 191 bu. per acre. 
Increase in yield due to spraying five times, 233 bu.-per acre. 


Spraying prolonged the life of the plants 25 days. Late 
blight was the only trouble. Both on sprayed and unsprayed 
rows there was a little rot at digging time. In storage, the 
Sprayed potatoes rotted most. Spraying materially improved 
the cooking qualities. 


TABLE VI.—YIELD BY SERIES AT RIVERHEAD IN 1904. 











Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 

(UY ACR ie 1,4, 7 and 10....| June 14, July 21, and Aug. 9.) 257 58 
EF oat oy a0) oanderis J.) sune L424, Julys 11). 26, 

SEA) BNO EL Ua, oe. eb ai Lor 45 

he UO ead GeO. aIMh Lior tai NOU SPTAVeCi.wt ooo te sas aoc 201 25 











increase in yield due to spraying three times, 564 bu. per acre. 
Increase in yield due to spraying six times, 964 bu. per acre. 


The larger yield on sprayed rows was due chiefly to partial 
protection against flea beetles which were unusually abundant. 
Both early and late blight also present. The loss from rot 
was three per ct. on Series I., one per ct: on Series II., and 
six per ct. on Series IIT, : 
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RESULTS IN 1905. 


TaBLe VII.—YIELD BY SERIES AT GENEVA IN 1905. 





—— ee 


Series. Rows.’ Dates of spraying. Yield per acre. 

Bu. lbs. 

LE nS ge 4, 7,10 and 13...| July 3, August 7 and 25... .| 228 45 
ie too ee 5, 8, ll and 14...| June 29, July 13, 27, Aug. 12 

Vale ig. Sepa merry, ioe? Beef 241 15 

1 Bd Bate G, 9,12 and 153) INGt ROTRYEC 0s. 5 nists cee 121 52 








3 Rows 1, 2 and 3 omitted because of error. 


Increase in yield due to spraying three times, 107 bu. per acre. 
Increase in yield due to spraying five times, 1194 bu. per acre. 


From the combined attack of flea beetles, tip-burn and late 
blight the unsprayed rows died fully two weeks earlier than 
the sprayed ones. Spraying reduced the loss from rot at the 
rate of 41 bushels per acre. There was no subsequent rot in 
storage. 


TasBLe VIII.—Y1IELp By Series AT RIVERHEAD IN 1905. 














Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 

| BoB, See ea 1,4, 7,10 and 13.| June 14, July 18 and Aug. 11} 253 — 
LDLS. sp eee 2, 5, 8, 1l and 14.| June 14, 30, July 14, 28 and 

Aum Aims eee, eee 303 41 

TD ich vest Opes) ee enol NOGSpYayed cu.) ae 221 38 





Increase in yield due to spraying three times, 314 bu. per acre. 
Increase in yield due to spraying five times, 82 bu. per acre. 


Late blight caused no injury in this experiment and there 
was not even a trace of rot. Flea beetles and early blight were 
the enemies fought. 


New YorK AGRICULTURAL EXPERIMENT STATION. Dion 


RESULTS IN 1906. 


TaBLE IX.—YIELD BY SERIES AT GENEVA IN 1906. 





SE I IS aT ae 





Series. Rows. Dates of spraying. ° Yield per acre. 
Bu. lbs. 

il 4 co ReneeS eau 1,4, 7,10 and 13.) July 9, August 10 and 30...| 227 20 
Pe a 2, 5, 8, ll and 14.| July 6, 20, Aug. 6, 20 and 21.} 258 40 
NS A 70,9) L2and/152) Notisprayed 2. v.22. ties: 195 40 





Increase in yield due to spraying three times, 31% bu. per acre. 
Increase in yield due to spraying five times, 63 bu. per acre. 


Late blight, early blight, flea beetles and tip burn were all 
factors in this experiment, but none of them caused much 
damage. Spraying controlled blight and flea beetles completely 
and tip burn partially. The loss from rot was negligible, only 
four rotten tubers being found in the entire experiment. 


TABLE X.—YIELD BY SERIES AT RIVERHEAD IN 1906. 








Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 

er. f3 anit: 1,4, 7,10 and 13.} June 12, July 18 and Aug. 6.| 172 -— 
Prorat. 2, 5, 8, 11 and 14.| June 12, 25, July 10, 25 and 

INU OLVAR ee ele reed ey Act 203 45 

ET hes ae 56,9pi2and lo:iVNotsprayed i. 3 ica s ok os oats 150 30 


Increase in yield due to spraying three times, 214 bu. per acre. 
Increase in yield due to spraying five times, 534 bu. per acre. 


In the experiment at Riverhead the principal enemies were 
late blight and flea beetles, there being a moderate attack of 
both. Early blight was not sufficiently abundant to cause 
material injury. There was no loss from rot. 
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RESULTS IN 1907. 


TaBLE XI.—YIELD BY SERIES AT GENEVA IN 1907. 





i a 











Series. - Rows. Dates of spraying. Yield per acre. 
Bu. lbs. 
Te os Statens: 1,4, 7,10 and 138.| July 15, Aug. 9 and 24..... 220 ys 
Ah te, GS. 2, 5, 8, ll and 14.| July 15, 24, Aug. 9, 24 and 
; pepe 17 it. suka ke eee 249 50 
ALS eo as Be. 3, 6, 0, 12 and 15.) WWet sprayed: «1.2. Shane eke O 10 








Increase in yield due to spraying three times, 44 bu. per acre. 
Increase in yield due to spraying five times, 73% bu. per acre. 


Late blight and rot were wholly absent and early blight 
appeared only in traces. There was some tip burn and a light 
attack of flea beetles. Considering the seemingly small amount 
of damage done by blight and insects it is remarkable that 
spraying should have increased the vield so much. 


TABLE XII.—Y1eLp BY SERIES AT RIVERHEAD IN 1907. 








Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 

CE pA, 1,4, 7,10 and 13-| June 19, July 25 and Aug. 15) 186 45 
LD. eps 2) Dy Oy Pand 14.) June 19) guly 2017, eae: 

15. and QO mk vor Ris Eee 200 5 

Ede S oein ee 3; 6, 9; 42 and 15 .|" Not.sprayedy...s.0%.s8 eae 168 50 








Increase in yield due to spraying three times, 18 bu. per acre. 
Increase in yield due to spraying sia times, 314 bu per acre. 


There was some early blight, but no late blight. Flea 
beetles were plentiful and caused much damage. The large 
yield of the sprayed rows is to be attributed to their partial 
protection against flea beetles and early blight. 


ww 
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DETAILS OF THE TEN-YEAR EXPERIMENTS IN 1908. 
AT’ GENEVA. 


In 1908, the experiment was carried out in very nearly the 
Same manner as in previous years. As usual, there were 15 
rows 290.4 feet long by three feet wide. Planting was done 
by hand May 25. The variety was Rural New Yorker No. 2. 
The plat of land used was the same as that used for the ex- 
periment in ‘1903 and 1905. The soil was heavy clay loam 
and the previous crop alfalfa. 

The five rows constituting Series I were sprayed three times 
—twice with bordeaux mixture and paris green and once with 
bordeaux alone—the dates being July 38, 17 and Aug. 38. 

The five rows constituting Series II were sprayed six times 
—twice with bordeaux mixture and paris green and four times 
with bordeaux alone—the dates being July 3, 17, Aug. 3, 18, 
Sept. 1 and 16. | 

The five rows constituting Series III (Check) were not 
sprayed at all with bordeaux, but were treated twice (July 3 
and 20) with paris green in lime water to control bugs. 

The spraying was done very thoroughly with a knapsack 
sprayer. The bordeaux mixture used contained six pounds of 
copper sulphate to each 50 gallons and lime considerably in 
excess of the amount required to satisfy the potassium ferro- 
cyanide test. Whenever paris green was used it was applied 
at the rate of one pound to 50 gallons. 

It was the intention to apply poison to the unsprayed rows 
on the same date that Series I and II were sprayed the second 
time (July 17); but rain interfered, making it impossible to 
treat the unsprayed rows until July 20. During this period 
bugs were active and the unsprayed rows were slightly injured 
by them. After July 20 there was no further trouble with 
bugs. There was no early blight and no late blight. Flea 
beetles caused a little damage to the unsprayed rows, most of 
wuich occurred after September 1. The chief trouble was tip 
barn, which was quite severe. As late as September 1 the 
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difference between sprayed and unsprayed rows was slight. 
However, the sprayed rows of Series II outlived the unsprayed 
rows of Series III by about five days, owing, apparently, to 
the smaller amount of tip burn and flea beetle injury on the 
sprayed rows. 

The potatoes were dug by hand and sorted and weighed in 
the usual manner. The yields are shown in the following 
table: 


TABLE XIIJ.—YIELDS IN THE EXPERIMENT AT GENEVA IN 1908. 




















Yield per row.4 Yield per acre. 
. Treatment. = 
8 Marketable. Culls. “Marketable. Culls. 
| Lbs...|\ | ba, | Bae ibs i Baio 
1 | Sprayed 3 times....... 202 6 168 20 | 5 -— 
2 | Sprayed 6 times....... 1893 2 157 55 | 1 40 
Ou LINSprayedeien. ores .ban 143 6 119 10 | 5 ~_ 
4 | Sprayed 3 times....... 197 6 164 10 | 5 — 
5 | Sprayed 6 times....... 2034 7 169 35 | 5 50 
6G Unsprayed +. ivsizens} -4 148 8 123 20 | 6 40 
7 | Sprayed 3 times....... 196 5 163 20 | 4 10 
8 | Sprayed 6 times....... 187 7 155 50 | 5 50 
0 j..Lineprayed fA. . ef ea 167 5 139 10 | 4 10 
10 | Sprayed 3 times........ 173 ff (144 10 | 5 50 
11 | Sprayed 6 times....... 199 6 165 50 | 5 — 
12) \4Uinsprayede,y -sayatt..be | 143 6 119 10 | 5 — 
13 | Sprayed 3 times....... 166 f 138 20 | 3 20 
14 | Sprayed 6 times....... 212 5 176 40 | 4 10 
15.4 Unaprayed oo tues. oe = 156 8 130 — |6 40 


* Rows 290.4 feet long by three feet wide making the area of each row exactly 
one-fiftieth acre. 


Yield by series.—The five rows sprayed three times consti- 
tute Series I and the average yield of these rows makes the 
yield for Series I. The yields given for Series II and III 
have been computed in the same way. The yield by series is 
shown in the following table: 


New York AGRICULTURAL EXPERIMENT STATION, Zan 


TABLE XIV.—YIELD BY SERIES AT GENEVA IN 1908. 

















Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 

LD hasan 1, 4, 7, 10 and 13.| July 3, 17 and Aug. 3...... 155 40 
ju 5 ee ae 2, 5, 8, ll and 14.| July 3, 17, Aug. 3, 18, Sept. 

ATG LOH hey | ce ia re 165 10 

14 A aa oa By 69,12 anailo.. NOt Sprayed oe ics oases ae 126 10 


pat Marketable tubers only. 


Increase in yicld due to spraying three times, 294 bu. per acre. 
Increase in yield due to spraying sia times, 39 bu. per acre. 


AT RIVERHEAD. 


The experiment at Riverhead was carried out in practicaily 
the same manner as the one at Geneva. There were fifteen 
rows 290.4 feet long by three feet wide. The seed tubers, which 
were of the variety Carman No. 1, were planted April 20 with 
a Robbins potato planter. The previous crop had been pota- 
toes. The soil was sandy loam and well drained. 

The five rows of Series I were sprayed three times—twice 
(June 11 and July 9) with bordeaux and paris green and once 
(Aug. 4) with bordeaux alone. They were also treated once 
(June 25) with paris green in lime water. 

The five rows of Series II were sprayed five times—three 
times (June 11, 25 and July 9) with bordeaux and paris green 
and twice (July 24 and Aug. 4) with bordeaux alone. 

The five rows of Series III (Check) were not sprayed at all 
with bordeaux, but were treated three times (June 11, 25 and 
July 9) with paris green in lime water to control bugs. 

The bordeaux mixture used was prepared in the same man- 
ner as in the Geneva experiment (see page 223). Whenever 

paris green was used it was applied at the rate of one pound 
to 50 gallons. All of the applications were made with a knap- 

sack sprayer and the work done very thoroughly. 
In this experiment there was some early blight and a mod- 
erate ists of flea beetles, but no late blight. The season 
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was too dry for late blight. During July the plants were 
considerably injured by plant lice. 

At digging time the potatoes were sorted and weighed | in the 
usual manner. The yields were as follows: 


TaBLE XV.—YIELDS IN THE EXPERIMENT AT RIVERHEAD IN 1908. 























Yield per row.§ Yield per acre. 
bs Treatment. a ae = ——— 
3 Marketable. | Culls. Marketable. Culls. 
Lbs. Lbs. Bu. Lbs) ) Sa abs 
1 | Sprayed 3 times....... 1894 4 157 5513 20 
2'| Sprayed 5 times....... 202 34 168 20 1:2 55 
So) Unsprayed sig sen sicknst 1634 b 136 Lovie 55 
4 | Sprayed 3 times....... 1594 2 132 55 | 1 40 
5 | Sprayed 5 times....... 173 34 144 1042 55 
Gh (I nspraved ea Meh. <5 pit). 172 3 148 20 | 2 30 
7 | Sprayed 3 times....... Lia 4 147 30 | 3 20 
8 | Sprayed 5 times....... 178 5 148 20 | 4 10 
9 S Cinsprayed (ia sie cts oy, 1474 41 122 55 | 3 45 
10 | Sprayed 3 times....... 179 3 149 LO hee 30 
11 | Sprayed 5 times....... 1794 + 149 35 | 3 20 
2A) Unsprayied is tid be i tay: 184 4 153 20 | 3 20 
13 | Sprayed 3 times....... 1804 4 150 25 | 3 20 
14 | Sprayed 5 times....... 1804 5 150 25 | 4 10 
Leu inspira ved oy eto bee 154 3 128 20 | 2 30 








° Rows 290.4 feet long by three feet wide making the area of each row exactly 
one-fiftieth acre. 


TaBLE XVI.—YrievLp By Serius AT RIVERHEAD IN 1908. 








Series. Rows. Dates of spraying. Yield per acre.” 

Bu. lbs. 

Bier Tei" 1.4, 7,10 and 13.| June 11, July 9 and Aug. 4..| 147 35 
DY ere. 2} 5, 8, 11 and 14.| June ma 25, July 9, 24 and 

Aug 40 ou ee il 152 10 

LL Sere ei 3, 6, 9,12 and 15.) Not sprayed.:. 0... . 7 cue 136 50 


7 Marketable tubers only. 


Increase in yield due to spraying three times, 102 bu. per acre. 
' Increase in yield due to spraying five times, 154 bu. per acre. 
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In 1908, as in each of the other years during which these 
experiments have been running, the gain from spraying has 
been considerably less at Riverhead than at.Geneva. The 
amount of this difference is shown in the following table: 


SUMMARY OF RESULTS OBTAINED IN THE TEN- 
YEAR EXPERIMENTS, 1902-1908. 


The following table shows the results obtained in the ten- 
year experiments during the first seven years: 


TABLE X VII.—SuUMMARY OF THE TEN-YEAR EXPERIMENTS FOR SEVEN YEARS 














AT GENEVA. Av RIVERHEAD. 
Year. 
Gain per A. due! Gain per A. due} Gain per A. due} Gain per A. due 
to spraying to spraying to spraying to spraying 
every two weeks} three times. |every two weeks| three times. 
Bu. Bu. Bu. Bu. 
LEEDS PARES aera 1234 984 45 27% 
BERS Gute cads whe. see 118 88 56 394 
11 ee. err 233 191 96 064 
Pee Serie aia ive ot 119 107 82 314 
MOOG CL). 63 32 53 214 
Cie a ee 732 44 31 18 
ES SY  iaaeaarel ai an 39 294 154 102 
(SO Gia a Sa 110 84 54 hee 
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FARMERS’ BUSINESS EXPERIMENTS. 


During the.season of 1908 fourteen farmers in different 
parts of the State conducted business experiments for the 
Station. The object of these experiments is to determine the 
actual profit in spraying potatoes under farm conditions. The 
methods employed were essentially the same as in previous 
years. An accurate record was kept of all of the expense of 
spraying, including labor, chemicals and wear of machinery. 
In each experiment a strip of three to six rows was left un- 
sprayed for comparison. 

In. order to bring the account of the experiments within 
the required space limit it has been necessary to omit many 
interesting details. 

“ Spraying,” as used in this bulletin, means the application 
of bordeaux mixture exclusively. The application of paris 
green or arsenite of soda in lime water is not called spraying. 

Whenever ‘arsenite of soda” is mentioned it should be 
understood to mean the stock solution prepared by the Kedzie 
formula—one pound white arsenic, four pounds sal soda and 
one gallon of water boiled together twenty minutes. 

By “test rows” is meant the rows used in determining the 
amount of the increase in yield due to spraying. These are, 
usually, the middle unsprayed row and the second sprayed 
row on either side. 

The yields given are for marketable tubers only. 

The price used in computing the value of the increased yield 
is, in every case, the market price for: potatoes in the locality 
where the experiment was made on the date on which the test 
rows were dug, | 
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THE WILLINK EXPERIMENT. 


Conducted by M. J. Buntin, Willink, N. Y. Twenty acres 
of potatoes, variety Snowflake Jr., were sprayed three times 
with a two-horse E. C. Brown Co. “ Auto” sprayer carrying 
one nozzle per row and covering four rows at each passage. 
The water used in the preparation of the bordeaux was pumped 
by hand from a stream about 80 rods distant from the potato 
field. Three rows 80 rods long were left unsprayed for a 
check. So few bugs appeared that poisoning of the check 
rows was not required. AS a precautionaly measure arsenite 
of soda was used with the bordeaux in the first spraying, but 
this seems to have been quite unnecessary. 

The expense account contained the following items: 


BOUSEODDET SULA te (OCs ok eae hie eth ters wha ee Ateie lb Ales $21.60 
Boditre ney -oeec.aper LOOM Th. Oi J. TRU POT, 1.88 
nt ee CICA CCU, PO eye tale te el ley AWG wh cue ial a thal .40 
MEPs eent hiberarocine (sec, Grote vill. .  alels lake Side dle Nug cade 45 
Pee va aor 1OG Mary (ay bl SOLES aid Os favs a SUN. ee 11.25 
ewe veri UOT LOL eatin (C1 S200 oo aye aie ae nk ae ea 15.00 
PM CEOURTUyCE Maa’ tO NUR Mae ec Chee a Wee oak oie 5.00 

BET ere err rane, tte Sg Oe Wal dean be a Von WG eB $55 .58 


The check rows were 80 rods long by 32 in. wide. Owing 
to the weather being disagreeable at digging time the test was 
confined to a representative section 500 feet long. The yields 
were as follows: 


Average of two sprayed rows, 121 Ibs==109.8 bu. per acre. 
Middle unsprayed row, 113 lbs==102.6 bu. per acre. 
Gain, 7.2 bu. per acre. 


What caused the greater yield on the sprayed rows is not 
clear. There was no blight of any kind and only a few flea 
beetles. 

The market price of potatoes being 70 cents per bushel 7.2 
bu. have a value of $5.04. After deducting the expense of 
spraying there remains a net profit of $2.26 per acre. 
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THE BATAVIA EXPERIMENT. 


Conducted by G. A. Prole, Batavia, N. Y. Thirteen acres 
of potatoes were sprayed five times with a two-horse, four-row 
“Tron Age” sprayer carrying one nozzle per row. Water was 
obtained from a well about eight rods from the field. The 
pumping was done by a windmill. Poison (arsenite of soda) 
was used with the bordeaux in the first spraying at the rate 
of 3 qts. of the stock solution to 50 gallons. The check con- 
sisted of a strip of three rows 1,424 ft. long by 34 in. apart. 
These were treated with paris green twice—July 11 and Aug. 
18. During the last three weeks of growth the check rows 
were plainly somewhat inferior to the adjacent sprayed rows. 
There was no blight, but the check rows had suffered more 
from the attack of flea beetles and bugs. Inasmuch as the 
check rows received two applications of poison. while the 
sprayed rows received but one Mr. Prole considers that the 
sprayed rows did not have an unfair advantage. 

The expense account contained the following items: 





392 lbs.. copper stlphaté @ Giese so. pele es ope ee $24.50 
aU, aime @ Boers BAe, See eal ER, is ees oe ore ee cece 1.00 
32 Ibs. ‘sal -coda.@.2¢? so; ciug its. 22a ee pe ce eee .64 
8 Ibsr white arsenic (@ P26 6’... '5 «ps se ieee ceo ee .96 
674 hres labor for'mannt@® 200.90. oy coe: Oe tan ee ee ee 13.50 
135,hrs.labor forihorse;@.5¢l« }n..02 ot eee ee Eee eee ee 6.75 
Wear ON SDTAVEE «sje, 6» se were park aoe cae a oat Mes en i ee 5.00 

A Kel e:) ee en MEE SNS years he re ge $52.085 


The test rows (Sir Walter Raleigh) yielded as follows: 


Two sprayed rows, 1,818 lbs.—=163.6 bu. per acre. 
Middle unsprayed row, 752 lbs.—=135.3 bu. per acre. 
Gain, 28.3 bu. per acre. 


At 55 cents per bushel 28.3 bu. have a market value of $15.56. — 
Subtracting the expense of spraying, $4.03 per acre, we have 
left a net profit of $11.53 per acre. 
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THE ELMIRA EXPERIMENT. 


Conducted by John Strouse, Elmira, N. Y. Nineteen acres 
of potatoes (in three lots) were sprayed all over four times 
and 13 acres a fifth time. The sprayer was a two-horse, 6-row 
“Perfection ” sprayer carrying one nozzle per row. Part of 
the water for the bordeaux came from a creek near the field 
and the remainder from a well about 80 rods distant. In two 
of the lots 3-row checks were left. Both checks were treated 
with paris green once—about July 12. In the first spraying 
paris green was used with the bordeaux at the rate of two 
pounds to 50 gallons. In one of the later sprayings arsenite 
of soda was used with the bordeaux at the rate of 4 qts. of 
the stock solution to 50 gals. The checks were not injured 
by bugs. There was no blight and very few flea beetles. Lot 
No. 1 suffered severely from tip burn, but Lots II and III were 
very little injured bv anything. 

The expense account contained the following items: 


Bem CODDER BUD MALCHO) Oyo. gives sinswiersseraree sis) os Blader.» «SPUR te $22 .80 
mre ELE IG. (C0) ea Grae do NESTS Cad cb chee, daa) oc est) «istsie.e cvoperades a AOMAME BING 2.70 
SUMMA CI ATIC AW LI1LEs AESONIIC. lh esdeles dopo neta Moa tot sh cies Wa we SANS 3.67 
Bema OR LOR, TALI, Ce LOC 2ye hay 8 pap tse van ke Qe ord oi W15hn soy ah saenel ele OS 7.80 
DesaresaoOr TOr team @) 2dC.. ics i ags we ee ee eee nea es 6.50 
MMA LOS DAV Lesa lek chs ach 86d it1 ab oss cco 0d cy odor arate eid UA eek 5.00 

UNS RS N25 0 ie By ea ig, oir Oa gee a eo PP ew Pe $48 .47 


The test rows yielded as follows: 


Lot No. 1. Sprayed five times; rows 485 ft. by 3 ft. 
Two sprayed rows, 230 Ibs.==57.4 bu. per acre. 
Middle unsprayed row, 113 Ibs.=55.9 bu. per acre. 
Gain, 1.5 bu. per acre. 

Lot No. IfI. Sprayed 4 times; rows 517 ft. by 39 in. - 
Two sprayed rows, 424 Ibs==91.6 bu per acre. 
Middle unsprayed row, 204 Ibs==88.1 bu per acre. 
Gain, 3.5 bu. per acre. | 


The average gain in the two tests being 2.5 bu. per acre, 
worth (at 65 cts. per bu.) $1.62, and the average expense of 
spraying being $2.45 per acre, there was a loss of 83 cents per 
acre. 
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THE VICTOR EXPERIMENT. 


Conducted by C. E. Green, Victor, N. Y. Ten acres of 
potatoes were sprayed twice with a one-horse, home-made, four- 
row sprayer carrying one nozzle per row. ‘The dates of spray- 
ing were July 10 and 27. The bordeaux used was of the 
4-5-50 formula and the water used in its preparation had to 
be hauled about 150 rods. In the second spraying arsenite 
of soda was used with the bordeaux. On the same date the 
four check rows were treated with arsenite of soda in lime 
water. During the whole season there was no marked dif- 
ference between the sprayed and unsprayed rows. Some dam- 
age was done by flea beetles, but none whatever by blight. 
No rot was found at digging time. 

The expense account contained the following items: 


80 Ibs. copper sulphate @ 64c...; : ...s wane one ee eee $5.20 
100 Ibs. lime (O"$6: oi. as ks fo 5 Sere e ees ce ce eee .50 
100 'Ibs.'salieoda (OiSC) ok. «chi toes S cto sem baled ou eS one 3.00 
25 lbs. whitearsenic. @ 124¢.: -...cAeaeinck teen eee eee 3.13 


16‘hrs.'man labor. 2. oka bb ba ee eet Cee eee 


3 

1 
Extra man to/prepare bordeaux. <5). 5. sss \i-.ceiesee ee eee 2.00 
Near OL Spraver.c secre Gewese cee were Le oie ew Shs. ahthe SIEM ee SN 1 


The test rows were of the variety Sir Walter Raleigh. No 
representative of the Station was present at the digging. The 
rows were measured and the potatoes weighed by Mr. Green. 
The rows were 618 ft. long by 34 in. wide. 

The yields were as follows: 


One sprayed row, 234 lbs=97 bu. per acre. 
One check row, 189 Ibs.—=78.3 bu. per acre. 
Gain, 18.7 bu. per acre. 


The market price of potatoes at digging time being 60 cents 
per bushel the gain of 18.7 bu. had a value of $11.22. After 
deducting the expense of spraying, which is $1.93 per acre, 
there remains a net profit of $9.29 per acre. 


New YorK AGRICULTURAL EXPERIMENT STATION. 233 


THE INTERLAKEN EXPERIMENT. 


Conducted by F. C. and L. B. Bradley, Interlaken, N. Y. 
Ten acres of potatoes, variety Carman No. 3, were sprayed 
four times—June 27, July 10, 28, and Aug. 10. The sprayer 
used was a two-horse, four-row “ Watson” sprayer carrying 
one nozzle per row in the first two sprayings and two nozzles 
per row in the last two. Part of the bordeaux used was of 
the regular 4-4-50 formula and the remainder soda bordeaux. 
Water was obtained from a stream about 30 rods from the 
potato field. Paris green, at the rate of one-half pound to 
fifty gallons, was applied with the bordeaux in two sprayings, 
but it appears that the second application was unnecessary. 
Three rows were left unsprayed for a check. These were 
treated with paris green once. There was no blight whatever 
and only a moderate amount of damage done by flea beetles. 
Tip burn was severe; also, many plants died prematurely from 
an unknown cause, although the crop was given excellent care 
and cultivation. There was no appreciable difference between 
sprayed and unsprayed rows: 

The expense account contained the following items: 





Pomona copper BUlDna LE Or GRC. pe. Wad diice wales sled melanie ole $14.95 
PIECE UTERO NYP NA RULR clslare sr Caled acts smd’ s aa ain sents 2.55 
SEES OGG 0 7) 2 Sn eee ee ee ee .63 
Petre Delis FPTEOT (DAAC ofl gic, ga hae leWaue is Hard Sfanary one ae cepts 3.45 
MEE IELLINOT, (CN UC ee tot ede cle Aly aU! cain shoes & wcate ia @lite ohne 10.60 
Prete dV IA DON (OUCH Oe ek oe aes eee tiak cd eaen eens noes 3.70 
Deemer p OT AVeltan ty (ma el: eobig eis tlh bh eeites, Wid OU WE wend 2.00 

Rea a dee ace) NS A ae he oe tate LEN De hues fai ge $37 .88 


The test rows were 893 x 3 ft. They yielded as follows: . 


‘Two sprayed rows, 603 lbs.==81.7 bu. per acre. 
Middle check row, 312.5 lbs==84.7 bu. per acre. 
Loss, 3 bushels per acre. 


‘A carload of the potatoes was sold directly from the field 
at 57 cents per bushel. At this price, 3 bu. have a value of: 
$1.71. Adding to this the expense of spraying, $3.79 per acre, 
the total Loss is shown to be $5.50 per acre. 
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THE GROTON EXPERIMENT. 


Conducted by E. A. Landon, Groton, N. Y., who sprayed 
8# acres of potatoes five times on the following dates: July 7, 
16, 27, Aug. 18 and 25. The sprayer was a two-horse, six-row 
“ Aroostook”? sprayer carrying two nozzles per row. The 
bordeaux used was of the 4-4-50 formula. The water required 
for its preparation was pumped by hand from a stream at 
one side of the field. Bugs were kept under control by using 
paris green with the bordeaux in three sprayings at the rate 
of one-half pound to 50 gallons. The check rows, of which 
there were four, were also treated three times with paris green. 
Early and late blight were both absent, but flea beetles and 
tip burn caused much damage. The spraying checked the flea 
beetles somewhat, but the difference between sprayed and un- 
sprayed rows was not marked at any time. 

The items of expense were as follows: 


300 ‘Ibs. copper sulphate (@) Se. 2; i. di SS Se eee ae $24 .00 
B00 Tbs. Time (@ ‘Leste es bar RG ee eee 3.00 
20 ibs: paris green’ (@ 280028 Sake rene oe eee eee cree eee 7.00 
Sprayer, man and team, hired for 5 days @ $5 per day...... 25.00 
24 days labor for extra man @ $2. 57.5.5 ...4 <a eee ee 5.00 

fhe: A er eer reer sre yg ie $64 .00 


The test rows, which were of the variety State of Maine, 
were 650 ft. long by three feet wide. They yielded as follows: 


Two sprayed rows, 715 lbs.=133.1 bu per acre. 
Two unsprayed rows, 607 lbs.==113 bu. per acre. 
Increase in yield due to spraying, 20.1 bu per acre. 


Lope Ta 


The market price of potatoes being 65 cents per bushel the 
value of the increase is $13.06. If we subtract the expense 
of spraying, $7.31 per acre, there remains a net profit of $5.65 
per acre. 
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THE STERLING STATION EXPERIMENT. 


Conducted by A. E. Curtis, Sterling Station, N. Y. One 
field ef 5 acres was sprayed 6 times; another of 4 acres, 5 
times; and a portion of a third field containing 15 acres, 5 
times. The sprayer was a 1l-horse, 4-row, home-made affair. 
A four-row check was left in each field. There were so few 
bugs that it was unnecessary to use any poison for them. 
No late blight appeared. In all three fields there were a few 
flea beetles. Field No. 3 suffered severely from tip burn, but 
in the other fields it was not serious. In Field No. 1 the un- 
sprayed rows were slightly injured by early blight. Here, 
there was some contrast between sprayed and unsprayed rows. 
In the other two fields there was little or no contrast. The 
following expense account covers only Fields 1 and 2 (9 acres) : 


Zoutpsacoppen sulphate (Oey a iip . walt. . 423 ets Ge oh ee te $16.14 
ema UP INITICE CLT CIN AMeU OE EW. fC igghi tc boas whites Dawn sw las. wcee 3.20 
1 yuk EW afot Bey ibe £2 Oc RB ae lige Dee ar aor ae A AR RAL 11.25 
75 hrs. labor for horse Ga LOGS Auret. Sra EELS Orie 7.50 
Dee Ee OLAV OF Mes eaN eee alate Aes uibiy taia vere ees. ae oie 10.00 

evan hae Meee aE Ee LAE, Taser d ay’ shige <Weubayere vada « wiskoreare-d $48 . 14 


The test rows showed the following yields: 


Field No. 1. Sprayed six times. Rows 957 x 3 ft. 
Two sprayed rows, 784 lbs==99.1 bu. per acre. 

Two unsprayed rows, 640 Ibs.=80.9 bu. per acre. 
Gain, 18.2 bu. per acre. 


Field No. 2. -Sprayed five times. Rows 818 x 3 ft. 
Two sprayed rows, 754 Ibs.:=111.5 bu. per acre. 
Two unsprayed rows, 600 lbs.==88.7 bu. per acre. 
Gain, 22.8 bu. per acre. 


Field No. 3.. Sprayed five times. Rows 1,243 x 3 ft. 
Two sprayed rows, 726 lbs= ‘0.7 bu. per acre. 

Two unsprayed rows, 518 lbs.==50.4 bu. per acre. 
Gain, 20.8 bu. per acre. 


In the three tests the average gain was 20.4 bu. per acre, 
worth, at 60c. per bu., $12.24. Assuming that the expense of 
5 sprayings in Field No. 3 was the same as for 5 sprayings 
in Field No. 2, the average expense of spraying was $5.18 per 
acre. Hence there was a net profit of $7.06 per acre. 
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THE EAST SYRACUSE EXPERIMENT. 


Conducted by M. W. Garrett, East Syracuse, N. Y. Four 
acres of potatoes, variety Norcross, were sprayed five times. 
The dates of spraying were July 4, 11, 24 and 29 and Aug. 8. 
The sprayer was a one-horse, four-row “Iron Age” sprayer 
which carried one nozzle per row in the first two sprayings 
and two nozzles per row in the last three sprayings. The 
bordeaux used was of the 6-6-50 formula. Water had to be 
pumped by hand and hauled about 50 rods. In all five spray- 
ings arsenite of soda was used with the bordeaux at the rate 
of two quarts of the stock solution to 50 gallons. The check 
consisted of four rows. These were treated three times with 
paris green. Both kinds of blight and flea beetles were absent. 
The only trouble was a very severe attack of tip burn. For 
some unknown reason the unsprayed rows made a slightly 
larger growth and remained green a little longer than the 
sprayed rows. Such a condition of affairs has not been ob- 
served in any of our previous experiments. 

The expense account contained the following items: 


125 Ibs. copper sulphate’ @ Sac ure: aw ee ete re ee ee $6.88 
100“Ubselime (G) 402). ob cee dice amc ds ee eee ee . 50 
32 lbs. Sal soda" Lae Tie ee te ee cee et 48 
8 Ibs. white arsenic @:20c:4i. £40 basal). det ye eee ee 1.60 
30‘hrs, man Jabor, 156% oy. eal, son tes ane ieee nee 4.50 
15 hrs. horse labor @ 10c...... ES Gee te ee eee ehh 1.50 
Wear of sprayer. oe. 2. wi Coss. oo oe ee 5.00 

Totak?, 2.2. AF chavo. « Léa ho eee te. ee $20 .46 


The test rows (524.5 x 3 ft.) yielded as follows: 


Two sprayed rows, 488 lbs.=133.4 bu. per acre. 
Two unspraved rows, 578.5 Ibs.=112.6 bu. per acre. 
Loss, 20.8 bu. per acre. 


At 90 cents per bushel 20.8 bushels of potatoes have a 
market value of $18.72. To this must be added the expense 
of spraying, $5.12 per acre, which makes the total loss $23.84 
per acre. 
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THE OGDENSBURG EXPERIMENT. 


Conducted at Ogdensburg, N. Y., by Andrew Tuck, who 
sprayed five and one-half acres of potatoes seven times on the 
following dates: July 17, 24, 31, Aug. 10, 19, 29 and Sept. 7. 
The sprayer used was a one-horse, four-row “ Aspinwall ” 
sprayer carrying one nozzle per row. The bordeaux was of 
the 5-5-50 formula made with water pumped by hand from a 
well within a few rods of the field. Paris green (two pounds 
to 50 gallons) was used with the bordeaux in the first four 
sprayings. The three check rows also were treated with paris 
green four times on the same dates. The writers did not see 
this experiment until digging time. Mr. Tuck reports that 
by: Aug. 10 the unsprayed rows were markediy inferior to the 
sprayed ones owing to the ravages of some kind of blight. 
He thinks it was not due to dry weather. The unsprayed 
rows were not injured by bugs or flea beetles. No rotten 
tubers were found at digging time. 

The expense account contained the following items: 


etn DRM DIGT AULDURUOP CO) CEC cca ay ypc cir die ive so ve Meee «ane $9 .00 
Me IRT Se aA P Ro arte Ir ye id pcg oe bE Che Bik RLAw AE 1.00 
Same ieee On Piss CTEATIA( iG WO wi ay A ae hs es de oe ea ape aad ah 9.30 
EDTA ADOT). POC ge) vets) re pg hep wee 9g Bind “lan eto ae 6.30 
SME EMINC SG LET AUON eee ol hn yp. pb gee Php. bleie @ bop be 2.10 
eee EPICA VOUA A Nv eM ed Vid wien yng oie bie ee as ge pene 1.00 

ere PETITE Meee ye sas Fe sea yank sd o-chatinl ard aed sl aes $28.70 


The test rows. were of the variety Rural New Yorker No. 2. 
They were 586 ft. long by 33 in. wide. The yields were as 
follows: 


Two sprayed rows, 486 Ilbs.=98.2 bu. per acre. 
Middle unsprayed row, 66 Ibs.==29.7 bu. per acre. 
Gain, 68.5 bu. per acre. 


Potatoes being worth 80 cents per bushel at time of digging 
the test rows (Oct. 15) the market value of the gain was 
$54.80. After subtracting the expense of spraying, $5.22 per 
acre, there remains a net profit of $48.58 per acre. 


238 REPoRT OF THE BOTANICAL DEPARTMENT OF THE 


THE CHATEAUGAY EXPERIMENT. 


Conducted by O. Smith & Son, Chateaugay, N. Y. Ten acres 
were sprayed four times using a one-horse, four-row “ Iron 
Age” sprayer carrying one nozzle per row. Bordeaux of the 
6-6-50 formula was used, the necessary water for its prepara- 
tion being pumped by horse power from a stream at one side 
of the field. In the first and third sprayings arsenite of soda 
was applied with the bordeaux mixture to keep bugs under 
control. It was used at the rate of three quarts of the stock 
solution to 50 gallons of bordeaux. There were four check 
rows. These were treated with paris green twice, July 13 and 
31. .The writers did not see this experiment until digging 
time, but Mr. Smith reports that the sprayed rows outlived 
the unsprayed ones by about three weeks. He thinks the dif- 
ference was due chiefly to early blight, which was prevented 
by the spraying. 

The expense account contained the following items: — 





216 lbs. copper sulphate @ Baer (6), SCORN Eee ee eee $18 .28 
Ze Dis Te DO LO eas oP austere ccs wateseke ods ee eens ee ee 2,20 
80 lbs,.sal soda. @ .36.:.5 \idbeks FA AR2 AE LT ee ee ee 2.40 
20:lbs. white arsenic (Seis fe 5 okt 2g Ae ee a ee eee 1.60 
21¢hrs. man labor (@)-15¢..) 252s $ss 84) le yee ee eee 3.23 
21inra, horse labor @ 10.515 ..0/) 0s 2 pag 2 Pee ee epee 
Wear of Sprayer.) ii iy dos oi a.43 beats 8 4 es 10.00 

POUR ST, a waters ce :dcbir el Biss s (bso ee aaa ears Ro a en $40 .93 


‘The test rows were dug Oct. 2. They were 1,507 ft. long 
by 87 in. wide and the potatoes were of the variety Uncle Sam. 
The yields were as follows: 


Four sprayed rows, 3,502 lbs.==136.7 bu. per acre. 
Two unsprayed rows, 1,340 lbs.—=104.6 bu. per acre. 
Gain, 32.1 bu. per acre. 

There was no loss from rot. 


On Oct. 2 the market price of potatoes at Chateaugay was 
60 cents per bushel. At this price the gain of 32.1 bu. would 
have a value of $19.26. Deducting the expense of spraying, 
$4.09 per acre, there remains a net profit of $15.17 per acre. 
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THE GREENWICH EXPERIMENT. 


Conducted by P. C. Billings, Greenwich, N. Y., who sprayed 
8 acres of potatoes on three different dates, July 1, 18 and 31. 
The last ‘spraying was a double one, i. e., the field was gone 
over twice. On Aug. 13 six rows each side of the check (three 
rows 931 ft. long) were given an additional spraying. Ac- 
cordingly, the test rows were sprayed 5 times while the total 
expense, $35.58, covers the spraying of 8 acres 4 times and 
about 0.8 acre once. The sprayer used was a two-horse, 6-row 
“ Aroostook ” carrying one nozzle per row. In the first spray- 
ing, 4-4-50 bordeaux was used; in the others, 5-5-50 bordeaux, 
Paris green, one pound to 50 gallons, was used with the bor- 
deaux in the first four sprayings. The check rows were treated 
with paris green three times—July 1, 15 and 51. There was 
no blight and scarcely any damage by flea beetles. The plants 
suffered only from tip burn and leaf hoppers. Mr. Billings states 
that there was no contrast between sprayed and unsprayed 
rows—it was apparent that the spraying was of no benefit. 

The expense of spraying 8 acres 4 1/9 times was as follows: 


beaeibe copper sulphate. @ 96.0... cic es cee bees da cs $13 .86 
ERIC ACs Ln Mame oa TAM od Li A MMR a een ta die oe 1.54 
mba BREE P ECCT (0) PAC) a bc.8 gs vies ates) oe eee Uy § iad ofa eieed wag 7.68 
Reem iriaty: tL bOT (i) ZUCM Ides toler its ates OAL IV Dy PPE 3.00 
Mme ADOT 10D tenn (SUG es 64. lak 8 sie 's cick tha ais ede lg's Gometa 4.50 
Wear.of sprayer... Jf...... PA IRIE TINIE ESOT SL Een 5.00 

SPL eh amare MeCN eee Ate he sue esha ¥ Gt Galas ie ces sans $35.58 


The test rows were of the variety Gold Coin. They were 
931 ft. long by 3 ft. wide. The yields were as follows: 


Two sprayed rows, 851 Ibs.==110.6 bu. per acre. 
Middle unsprayed row, 439 Ibs.=114.1 bu. per acre. 
Loss, 3.5 bu. per acre. 


At 66 cts. per bu. 3.5 bu. have a value of $2.31. Adding to 
this the expense of 5 sprayings, $5.40 per acre, we have a total 
loss of $7.71 per acre. 
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THE GLENHEAD EXPERIMENT. 


Couducted by G. 'T . Powell, Gleuhead, N. Y. Fifteen acres 
of potatoes (in two even were sprayed te Hines The sprayer 
used was a one-horse, four-row ‘“ Spramotor ” sprayer carrying 
two nozzles per row. Arsenite of soda was used with the 
bordeaux in the first four sprayings. This was not necessary 
for bugs, but it was thought the poison might be of assistance 
in checking flea beetles which were very numerous. In one 
lot there was‘a strip of five check rows, in the other a strip 
of three. These were kept free from bugs by one application 
of paris green on June 23. During the drought in July there 
was a marked contrast between sprayed and unsprayed rows 
in both lots. There was no blight, but flea beetles were very 
numerous and injurious. 

The expense account contained the folie ing items: 


400: ibs: copper stilphate (@ 640. JU 9R A oa ee ee ee $26 .00 
2 DbIs; Lime (BBL OO iii ie bay er nee A ei a a 3.00 
1004s! Ral sOGa 1 Teak... cies Cie cia nee Gari sere ae ee 1.00 
30 ibs} whitesarsenie: @cLOer ts 20 We Rs PRE ae ee ee 3.00 
60 Drs.: man dabor:@): 200i. 2. aw ie pene ol eaetead ee unde ele eae aa 12.00 
60 Tires: horse labor (106. Ni \c5 ses eee eens eee ee 6.00 
Wear of SPIAYET. eee eee eters 5.00 

Lobalic. Uwe ehsacbire bn owas cuale adits PUB EE ce ee eee $56 .00 


The test rows gave the following yields: 

West Field. Variety, Green Mountain. Rows 552 ft. x 30 in. 
One sprayed row, 336 Ibs=176.7 bu. per acre. 

One check row, 259 lbs.—=186.2 bu. per acre. 

Gain, 40.5 bu. per acre. 


South Field. Variety, Gold Coin. Rows 450 ft. x 30 in. 
One sprayed row, 215 lbs.—=1: . per acre. 

One check row, 248 lbs.==156.8 bu. per acre. 

Loss, 18.1 bu. per acre. 











Probably some mistake was made in the south field. Mr. 
Powell thinks that the stakes marking the check rows became 
misplaced. However, as definite proof of this is lacking it 
seems best not to reject the experiment. Averaging the two 
tests we have a gain of 12.4 bu., worth $9.92. Deducting the 
expense of spraying, $3.73, leaves a net profit of $6.19 per acre. 
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THE JAMESPORT EXPERIMENT. 


Conducted by Henry A. Hallock, Jamesport, Long Island. 
Seventeen acres of potatoes were sprayed four times. The 
Sprayer used was a one-horse, four-row Hudson sprayer carry- 
ing two nozzles per row. The dates of spraying were June 11, 
17, 24 and July 10. The bordeaux was made by the 7-4-50 
formula. The water required was pumped by a gasoline en- 
gine and hauled from 40 rods to one-half mile. In two spray- 
ings arsenite of soda was used with the bordeaux at the rate 
of four quarts of the stock solution to 50 gallons of bordeaux 
mixture. There were four check rows. These received one . 
application of paris green on June 11. The whole season 
there was no perceptible difference between sprayed and un- 
sprayed rows. There was no blight, bugs did no damage and 
flea beetles were not troublesome. Apparently, there was 
nothing to spray for. 

The expense account contained the following items: 


PaO OEM SUA tes (Or OF Cnt ho viale slit le levees ed a Sir te s $32 .50 
Pee ASL DULwer ei ILRI Me Mink aciths Se Ca a, HD GY 3.00 
POs al SON8) @) 205 pier eb 4.00 
RT AWILEPALECTIIG (ly Ooo dui tA Kos eck cls cine ts we eo ete Ree 3.25 
ett LOT, (iB ba eine te ity eh ieee ew y Gmeek a weed URN etme 8.00 
Seer SBENOTG CDA OO Ny (CON a Latte) aise ae at dip «ih wie Vn A ets Weg) 4.00 
EL ODUCT AST ie Cay 2 TRO ge ae ge ROR ELAR AECL tl Bae LL 5.00 

Or MLC hater) 0 Pe tei gh a aS se ale dw dy al ee «a aieid's Abd Os $09 .75 


The test rows: (variety, Green Mountain) were 690 feet long 
by three feet. wide. They yielded as follows: 


Two sprayed rows, 648 Ibs.=113.6 bu. per acre. 
Two check rows, 640 lbs.=112.2 bu. per acre. 
.Gain, 1.4 bu. per acre. 


At the time of digging the test rows the market price of 
potatoes was 85 cents per bushel. At this price 1.4 bushels 
have a value of $1.19. Since the expense of spraying was 
$3.51 per acre the gain was not sufficient to pay EXD SOBER: 
There was a loss of $2.32 per acre. 
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THE SOUTHAMPTON EXPERIMENT. 


Conducted by Lewis E. Downs, Southampton, Long Island. 
Fifty-six acres of potatoes were sprayed eight times with a 
two-horse, six-row “ Aroostook” sprayer carrying one nozzle 
per row. The dates of spraying were June 17, 23, July 3, 
10, 14, 20, 21 and 28. The bordeaux used was prepared by 
the formula, 6 Ibs. copper sulphate in 50 gals. of water with 
sufficient lime added to satisfy the potassium ferrocyanide test. 
It was necessary to haul water about 40 rods. It was pumped 
by a windmill. In each spraying two quarts of the arsenite 
of soda stock solution were added to each 50 gallons of bor- 
deaux. There were four unsprayed rows which were treated 
twice with paris green—on June 23 and July 5. There was 
no blight and not many flea beetles. Yet there was consid- 
erable contrast between sprayed and unsprayed rows during 
the last ten days of growth. 

The expense of spraying 56 acres 8 times was as follows: 


2,688 lbs. copper sulphate @ $6.17 per 100 Ibs............... $165.65 
D.6a8 los: ime (@ 16.2070 oo UU es oe ree a eee 26.88 
896sl bs. sal poda@ Lei A oan ee ee ne 2 ee ee ee 8.96 
224:lbsy white arsenic (®. G60. 6.5 sin. ate ee ee ee 13.44 
ES2:hrs. man'labar @ 200... ou. Sess oo ee ee ae eee 36.40 
L82chrs.\ labor for team: BOCs oar. aes ao aha cles a te ae 54.60 
Wear of sprayer: 5 ose s-2s vos: vache rie oe oetenke ee oe meee eee 12.00 


Totals se. sie eee ee eR nln Doe ee ee $317.93 


The test rows were of the variety Carman No. 1. They were 
1,000 feet long by 33 inches wide. The yields were as follows: 


Two sprayed rows, 1,938 Ibs.==254.8 bu. per acre. 
Two check rows, 1,366 Ibs.==180.3 bu. per acre. 
Gain, 74.5 bu. per acre. 


The market price of potatoes at digging time was 80 cents 
per bushel. Accordingly, the gain of 74.5 bu. had a value of 
$59.60. After deducting the expense of spraying $5.68 per 
acre there remains a net profit of $53.92 per acre. 
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SUMMARY OF BUSINESS EXPERIMENTS IN 1908. 


TaBLE XVIII.—SHowiING RESULTS oF Business EXPERIMENTS IN 1908. 


———— 





Increase Total Cost 
Number or cost of per acre | Net profit 
Experiment. Area of times | decrease | spraying | for each or loss 
sprayed. | sprayed. | in yield | per acre | spraying. | per acre. 
per acre. 
A Bu. 

Southampton..... 56 8 74.5 | $5.68 | $0.71 $53 .92 
Ogdensburg....... 5.5 7 68.5 5.22 75 48.58 
Chateaugay....... 10 +f 32.1 4.09 1.02 15.17 
Je tn: hig 9 ake ea ee TS i) 28/3 4.03 81 Lies 
Sterling Station... 9 5-6 20.4 5.188 .96 7.06 
rms0on. 2. aio d ZU0<1 (ites 1.46 5.65 
VSR iiss 975" 55. 0. 10 2 18.7 1293 97 9.29 
(FIOMRECACL. 0%... os 1s) 5 12.4 Say eS ocd 6. 
Watmiicanty <6 70S 20 3 7.2 2.78 .93 2.26 
ELSA OA LE ga err 19 4-5 20 2 Abs 64 —.83 
WEEMeSDOTE ok. cc. LF 4 1.4 3 or 88 —2 .32 
Interlaken si?) :... 10 4 |— 3 3.79 .95 —5.50 
Greenwich........ 8 4-5 |— 3.5 5, 4055 08 —7.71 
BE. Syracuse....... 4 5 |—20.8 5.12 1.02 | —23.84 





8 Average of 5 and 6 sprayings. 
* Average of 4 and 5 sprayings. 
10 For 5 sprayings. 


Average increase in yield per acre, 18.5 bushels. 
Average net profit per acre, $8.53. 


SUMMARY OF BUSINESS EXPERIMENTS, 1903-1908. 


TaBLE XIX.—SHOWING ReEsvULTs or Business EXPERIMENTS. 1903—1908. 











Average | Average 


Average total cost Average 
Number Total increase cost of per acre | net profit 
Year. of experi- area in yield | spraying | for each | per acre. 
ments. sprayed. | per acre | per acre. | spraying. 
A, Bu. 

Ue oa ne 6 61.2 57 $4 .98 $1.07 $23 .47 
ee ee 14 180 62.2 4.98 .93 24 .86 
DUGG  eenime t+ 2). 13 160.7 46.5 4.25 .98 20 .04 
AR a Oe 15 LAN) 42.6 ots .985 13.89 
SU) Finda tom th ea «5 14 152.76 36.8 5.90 fee hy Ti.08 
12) Mae ee, 14 200.25 18.5 4.30 .92 8.53 

















Average increase in yield, for six years, 43.8 bu. per acre. 
_ Average net profit, for six years, $17.94 per acre. 
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VOLUNTEER EXPERIMENTS. 


In 1904 the Station began collecting and recording the 
results of potato spraying experiments made by farmers in 
all parts of the State. As these experiments are carried out 
entirely by the farmers themselves we call them volunteer ex- 
periments. It is probable that, in some cases, the yields, ex- 
pense of spraying and other data given for the volunteer 
experiments are not as accurate as are those given for the 
farmers’ business experiments. Nevertheless, they are valu- 
able. They supplement the regular business experiments. By 
bringing together the results of a large number of business 
experiments and volunteer experiments extending over several 
consecutive seasons the Station hopes to be able to answer 
definitely the question, Does it pay to spray potatoes in New 
York? We are under obligations to the many farmers who 
have assisted in this work and take this opportunity to express 
our appreciation of their services. The experiments are to be 
continued at least three years longer and it is hoped that we 
may continue to have the hearty codperation of potato growers 
throughout the State. All who spray potatoes with bordeaux 
mixture are requested to leave a few rows unsprayed in order 
that it may be determined how much the yield is increased by 
spraying. The product of unsprayed and sprayed rows adja- 
cent should be weighed or measured and the length of the 
rows measured so that the yields may be accurately deter- 
mined. We cannot use experiments in which the yields have . 
been only estimated. Neither can we use experiments in which 
the application of poison to the unsprayed rows has been 
neglected. | 

The following tabie shows the principal results of the eleven 
volunteer experiments reported in 1908.. The marked decline 
in the number of volunteer experiments is probably due, in 
part, to the present lack of interest in spraying owing to the 
scarcity of blight during the past two seasons. There are also 
other reasons. 
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ADDITIONAL NOTES ON THE VOLUNTEER EXPERIMENTS IN 1908. 


Experiment No. 1. Mr. Dennis states that the sprayed and 
unsprayed rows had an equal chance except as regards spray- 
ing. The unsprayed rows were not injured by bugs, yet they 
died four weeks earlier than the sprayed rows. ‘The fact that 
a considerable number of rotten tubers were found at digging 
time indicates that late blight was a factor in this experiment. 
Flea beetles were not troublesome. 

Experiment No. 2. It is not clear how spraying benefited 
the plants in this experiment. Although there was a marked 
contrast between sprayed and unsprayed rows Mr. Miller thinks 
there was no blight and the unsprayed rows were only slightly 
injured by bugs. Plant lice were plentiful. 

Experiment No. 3. The total quantity of bordeaux used on 
18 acres was 25,685 gallons, which is at the rate of 1,427 gal- 
lons per acre. A few rows which were double-sprayed each 
time, receiving bordeaux at the rate of 2,854 gallons per acre, 
outyielded the single-sprayed rows by 38 bu. per acre. Mr. 
Martin’s experience shows that there is little danger of in- 
injuring potatoes by the most thorough spraying. Early and 
late blight were both absent and there was no rotting of the 
tubers. The unsprayed rows were well protected against bugs 
by several applications of paris green, but tip burn was preva- 
lent and flea beetles and several other kinds of insects were 
numerous. The items of expense of spraying 18 acres were 
as follows: 


20 cwt. copper sulphate @ $5.875.... 25.2256. 026005..0.3.5. $117.50 
23 bbls. Ohio Marblehead lime @ $1.05..................... 24.15 
28 days labor, 'man ‘and team;"@ $300,010.14 -- su. ee ak 84.00 
Tncidentala. ga 20)i eve a A es ae os 8.35 

Total Pe Se ee pee er eee rte ot ores 0G ue $234 .00 


Experiment No. 4. There is some doubt about this experi- 
ment being a fair one. In the rush of haying the potatoes 
were neglected and the whole field was considerably injured 
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by bugs. Although the unsprayed rows were thoroughly 
poisoned the plants did not recover as promptly as on the 
sprayed rows. ‘The sprayed rows outlived the unsprayed ones 
by about four weeks. 

Experiment No. 5. Mr. Williams reports that there seemed 
to be no blight in this experiment. There was no rot, flea 
beetles were not troublesome and the unsprayed rows were 
not injured by bugs. The contrast between sprayed and un- 
Sprayed rows was not marked. The weather was very dry. 

Experiment No. 6. The yields given are for unsorted 
potatoes. 

Experiment No. 7. Mr. Mannix states that the unsprayed 
rows were considerably injured by some kind of blight; also, 
that some damage was done by “small green flies” [probably 
leaf hoppers] which were unaffected by paris green. 

Experiment No. 8: The unsprayed rows died about a week 
earlier than. the sprayed ones. The chief enemy fought was 
the flea beetle. It is doubtful if there was any blight in this 
experiment. 

Experiment No. 9. Although the potatoes used for this ex- 
periment were the property of Mr. Charles Parry the experi- 
ment was, in reality, conducted by Mr. M. Bowes, who did the 
spraying and superintended the digging of the test rows. 

Eaperiment No. 10. Mr. Faulkner states that there was no 
noticeable difference between sprayed and unsprayed rows. 
There was no blight on either. 

Experiment No. 11. In this experiment the test rows were 
of the variety Early Harvest. 
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SUMMARY OF VOLUNTEER EXPERIMENTS, 1904-1908. 


The following table shows the results obtained in the volun- 
teer experiments during the past five years,—1904 to 1908 
inclusive: 


TABLE XXI.—SHOWING RESULTS OF VOLUNTEER EXPERIMENTS, 1904-1908 











Average 
Average market price 
Year. Number of Total area gain per acre per bushel 
experiments. sprayed. due to of potatoes 
spraying. at digging 
time. 
As Bu. lbs. Cis 
ROOK see ate ee -41 364 58 28 43.5 
LOO atawas ais pO acetal 50 407 59 32 57.0 
LOGE ate elt re ats: tc 62 598 53 6 44.5 
LGOT OU oS: eee 24 264 30 28 58 
LOUS SS ee ramen s 11 74 66 18 66 





=F 





Average gain for.5 years (188 experiments) 504 bu. per acre. 


According to the above table the average gain per acre due 
to spraying, as reported by the volunteer experimenters, was 
larger in 1908 than in any preceding year. This is misleading. 
It indicates that spraying gave unusually good results in 1908, 
whereas exactly the opposite is true. In 1908 spraying was 
much less profitable than usual. It appears that the few ex- 
periments reported were the most successful ones. The truth 
of the matter is that many experimenters were ashamed to 
report the low yields which they obtained in 1908. It appears, 
also, that some consider their experiments of no value unless 
an increase in yield is obtained. This is a mistake. What- 
ever the results may be they are valuable and should be re- 
ported to the Station. 
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POTATO TROUBLES IN NEW YORK IN 1908. 


In 1908 the potato crop in New York behaved strangely. 
In many cases even experienced potato growers were puzzled 
to account for the premature browning and drying of the 
potato foliage. ‘The trouble known as tip burn, in which the 
tips and margins of the leaves become brown and dry, was 
almost universal and, in many fields, very severe. Many per- 
sons mistook this for blight. Both of the real blights, early 
blight and late blight, were scarce. The season was a dry one. 
Undoubtedly, the dry, hot weather was the chief cause of the 
tip burn. In many cases it was aggravated by flea beetles; 
in others, by leaf hoppers and other -insects feeding on the 
foliage. Leaf hoppers were unusually abundant and flea 
beetles, as usual, were destructive in many fields. Bugs were 
not particularly troublesome. 

Karly blight (Alternaria solam) occurred in only a few 
localities and in a mild form. 

Late blight and the rot which follows it appear to have been 
almost entirely absent. Although constantly on the lookout 
for it, the writers did not see a single specimen of Phytophthora 
infestans on potatoes during the past season. However, there 
is evidence that it occurred in at least three places in 
the State—Batavia, Gainesville and Clyde. Prof. H. H. 
Whetzel informs us that he has positive knowledge of its 
occurrence at Batavia. Mr. C. M. Dennis, of Gainesville, 
reports some loss from rot. While this rot may have been 
due to other causes the chances are decidedly in favor of it 
being due to Phytophthora. That the fungus appeared on 
potatoes at Clyde is proven by its occurrence there in a green- 
house on tomatoes which could have contracted the disease in 
but one way, viz., from potato plants beside which the young 
tomato plants stood previous to being transplanted into the 
greenhouse.” - 


December 10, 1908, F. F. Miller, Clyde, N. Y., sent to the Station some 
greenhouse tomatoes affected with an unusual form of rot. After lying in 
& moist chamber for 24 hours some of the fruits developed conidiophores 
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DIRECTIONS FOR SPRAYING. 


In general, commence spraying when the plants are six to 
eight inches high and repeat the treatment at intervals of 10 to 
14 days in order to keep the plants well covered with bordeaux 
throughout the season. During epidemics of blight it may be 
necessary to spray as often as once a week. Usually six appli- 
cations will be required. The bordeaux should contain four 
pounds of copper sulphate to each 50 gallons in the first two 
sprayings and six pounds to 50 gallons in subsequent spray- 
ings. Whenever bugs or flea beetles are plentiful add one to 
two pounds of paris green or two quarts of arsenite of soda 
stock solution to the quantity of bordeaux required to spray 
an acre. 

Thoroughness of application is to be desired at all times, but 
is especially important when flea beetles are numerous or the 
weather favorable to blight. Using the same quantity of bor- 
deaux, frequent light applications are likely to be more effective 


and conidia of Phytophthora, infestans, the potato blight fungus. It is 
not uncommon for this fungus to attack the foliage and fruit of tomatoes 
in the open, but its occurrence on tomatoes under glass seems to be rare. 
The fact that potatoes were so generally free from Phytophthora during the 
summer of 1908 lends additional interest to the case. Accordingly, one of 
the writers visited Clyde for the purpose of looking into it. 

Mr. Miller stated that the tomato seed had been sown in June in a garden 
close beside a patch of potatoes. Here, the young tomato plants grew until 
some time in August when they were transplanted into the greenhouse. 
Mr. Miller did not notice whether the potatoes were affected with blight. 
Neither did he observe anything wrong with the tomato plants at the time 
of removing them to the greenhouse. In November some of the fruits began 
to rot. The trouble started in one corner of the greenhouse where the tem- 
perature was often lower than it should have been. The loss was small. 
yet there were always to be found a few rotting fruits. At the time of our 
visit (Dec. 15) only traces of the disease were to be found on the leaves, but 
affected fruits were common. Green fruits of all ages were attacked and, 
occasionally, fruits nearly ripe were affected. The fruits were variously 
marked with a conspicuous brown discoloration in the flesh. Many of the 
affected fruits showed no fungus on the surface; some, particularly those in 
an advanced stage of decay, bore molds of various kinds; while a few showed 
the fructification of Phytophthora which appeared as a delicate white mold. 

If we assume that P. infestans produces no resting spores, the conclusion 
is inevitable that the tomatoes contracted the disease from the potatoes 
while growing beside them in the garden. 

13 Copied from Bulletin 290, p. 320. The experiences of the past season 
do not warrant any material alteration in the reenmmendations there made. 
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than heavier applications made at long intervals; e..g., when a 
horse sprayer carrying but one nozzle per row is used, it is 
better to go over the plants once a week than to make a double 
spraying once in two weeks. A good plan is to use one nozzle 
per row in the early sprayings and two nozzles per row in the 
later ones. 

Those who wish to get along with three sprayings should post- 
pone the first one until there is danger of injury from bugs 
or flea beetles and then spray thoroughly with bordeaux and 
poison. The other two sprayings should likewise be thorough 
and applied at such times as to keep the foliage protected as 
much as possible during the remainder of the season. Very 
satisfactory results may be obtained from three thorough 
sprayings. 

A single spraying is better than none and will usually be 
profitable, but more are better. Spraying may prove highly 
profitable even though the blight is only partially prevented. 
It is unsafe to postpone spraying until blight appears. Ex- 
cept, perhaps, on small areas, it does not pay to apply poison 
alone for bugs. When it is necessary to fight insects use 
bordeaux mixture and poison together. 


SPRAYING IN DRY SEASONS. 


The past season being a very dry one over the entire State 
we have had exceptional opportunities for observing the effect 
of spraying potatoes in dry weather. An examination of 
Table XVIII shows that in nine of the fourteen business ex- 
periments spraying proved profitable while in the remaining 
five it was unprofitable. Notwithstanding dry weather and 
the absence of late blight the business experiments show an 
average increase in yield of 18.5 bu. per acre due to spraying 
and an average net profit of $8.53 per acre. Our observations 
convince us that it is unwise to neglect spraying in dry seasons. 
Even when there is no blight five or six sprayings should be 
made during the season. In dry weather the wounding of 
the leaves by bugs, flea beetles and other insects is more in- 


eo 
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jurious than in wet weather. Unless regular spraying is prac- 
ticed the application of poison for bugs is likely to be neg- 
lected. Flea beetles flourish best in dry weather. It is an 
established fact that thorough spraying at the proper time 
will materially lessen the damage done by flea beetlés. If flea 
beetles are not, at least partially, checked by spraying it is 
positive proof that the work has not been done properly. With 
us, the opinion is steadily growing that very few farmers spray 
thoroughly enough to secure the maximum profit from the 
operation. There seems to be little danger of overdoing the 
matter. The experience of T. E. Martin, West Rush, N. Y., 
is strong evidence on this point. Mr. Martin sprays with ex- 
treme thoroughness and imvariably secures large increase in 
yield and large net profit. 


A MYCOSPHARELLA WILT OF MELONS. 
J. G. GROSSENBACHER. 


SUMMARY. 


The muskmelons, in one of the Experiment Station green- 
houses, were much damaged during 1907-8 by an uncommon 
disease. The vines were parasitized by a fungus (Mycospherella) 
shortly before the earliest melons were ripe. The disease was 
preceded, in both instances, by the attacks of a red spider, though 
in 1908 the damage by the spiders was but slight. The fungus 
is reported as causing a disease of several cucurbits in the fields 
of some parts of Delaware, but had never been recorded for this 
State.. Since the Delaware reports differed in some respects 
from the observations made at this Station in 1907, nothing 
was published till further information could be obtained on the 
points of difference. The observations were repeated and ex- 
tended in 1908. 

The pathogeneity of the fungus and the relation of its two 
spore-forms are established. Inoculation experiments were 
effective, and, with but a few interesting exceptions, the spore- 
forms of the fungus always appeared successively on the inocu- 
lated vines. 

The disease will probably not become injurious to field melons 
in western New York, though in greenhouses it may cause much 
trouble. 


!The more or less meaningless names in plant disease literature, as designa- 
tions of both parasitic and non-parasitic diseases, have been the source of 
much annoyance to the writer, since the cause of a disease is not suggested by 
itsname. The plea for such terms as wilt, blight, leaf-spot, canker and rot, is 
that the laymen can more readily understand them, but since only a very small 
fraction of plant disease literature is read by them, it seems unfair to the 
pathologist to compel him to use such vague terminology on their account. 
This need seems to be felt by a number of plant pathologists, as evidenced 
by some generic-name and disease-character combinations in some experi- 
ment station bulletins and other places, but not enough prominence has been 
given to the matter. 

The suggestion is therefore made that the genus name of the infesting para- 
site be combined with some popular, descriptive term, as in this bulletin, or 
with the word disease, e.g. Spheropsis canker of apple, Bacillus canker of 
apple, Tilletia smut of wheat, Ustilago smut of wheat, Fusarium wilt of flax, 
Bacillus wilt of cucurbits, Botrytis rot of lettuce, Sclerotinia rot of lettuce, 
and Thielavia root-rot of tobacco. Of course there are some popular names 
. now in use, which are fairly distinctive and useful. The names of diseases 
caused by malnutrition and other physiological disorders may not so readily 
be made more concise until their causes are ascertained. 

* A reprint of Technical Bulletin No, 9. 
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INTRODUCTION. 


A striking disease of muskmelon (Cucumis Melo) made its 
appearance in one of the Station greenhouses devoted to melon 
culture during the summer of 1907. It was first noted by Mr. 
R. Wellington, Assistant Horticulturist, who was carrying on 
experiments in variety testing of muskmelons. Both the im- 
perfect and ascosporic forms of fungous fructifications were 
found on the diseased vines, and pure cultures of them were 
used for inoculating healthy plants. The fungus proved to be 
the cause of the disease, and the associated fruits were shown 
to belong to one and the same fungus. This work was finished 
and written up before some published accounts by Mr. F. D. 
Chester? and Mr. C. O. Smith,* seemingly on the same disease, 
were found. The publication of the bulletin was stopped, for 
the time being, because it did not agree in all particulars with 
the articles cited; re-examination seemed necessary. In mid- 
summer, 1908, the disease reappeared in the same greenhouse, 
thus affording an opportunity to test the former work. 

Plan of this bulletin.—After an examination of Chester’s and 
Smith’s articles relating to this disease, with frequent quota- 
tions from the parts most essential, they are briefly compared 
with each other. The writer’s observations and experiments of 
1907-8 are then recorded, followed by the comparison of results. 
An attempt is made to correct the nomenclature of the fungus 
causing Mycospherella wilt of melons. * Finally, to clear up 
Mr. Smith’s last paragraph, an appendix is added on the rela- 
tion of the names of some cucurbit fungi. 


?Del. Exp. Sta. 5th Ann. Rpt. pp. 75-9 (1893), Newark, Del.; also Bul. 
Torr. Bot. Club 18: 373-4 (1891), N. Y. Botanic Garden. 
3 Del. Exp. Sta. Bul. 70, (1905), Newark, Del. 


bo 
Ot 
Ot 


New YorK AGRICULTURAL EXPERIMENT STATION. Zoe 


RESUME OF CHESTER’S WORK* ON AN “ ANTHRAC- 
NOSE OF THE WATERMELON.” 


During the autumn of 1890, a diseased watermelon vine was 
sent Mr. F. D. Chester at the Delaware Experiment Station 
from some point in that state, and he describes it as follows: 
“ Where the vine stalk was yet green, it was found to be covered 
with elongated dark patches and irregular areas; tendrils, buds 
and leaf stalks were invariably black and dead, the leaves were 
covered with black blotches marked in many cases, by more 
or less distinct eccentric rides.”? He recognized ‘“ pustules ” 
on the leaf-spots as fruits of a Phyllosticta. 

The vine was thrown upon a rubbish heap out of doors, where 
it was seemingly left until 1892 and then used again for in- 
oculation purposes; though from another place® it seems that 
the material, used for the inoculation in 1892, must have been 
collected in 1891, because the disease is said to have been un- 
commonly destructive during 1891.7 To quote: “ The disease 
attacks leaf, leaf stalk, stem, tendrils, fruit buds and blossoms.” 
The spots on the stems, which later become white in the center, 
are said not to cause any very serious damage. 

It is further stated that “the fungus causing the above 
trouble is a member of the genus Phyllosticta, although from 
the character of the sporules, which are sometimes uniseptate 
and hyaline, it is questionable whether it might not, following 
Saccardo, be classed as an Ascochyta.”® The following descrip- 
tion and name are given: “ Phyllosticta citrullina, n. sp. Spots 
circular, irregular, black, concentrically ridged, becoming con- 
fluent. Pycnidia amphigenous, brown, immersed, scarcely 
erumpent, membranaceous, lenticular 75-131 mp, average of 
many measurements 107 » x 67 mw. Sporules 9-10.7 p, average 
about 10 » x 3.5 mw, generally continuous, sometimes uniseptate, 


4 Del. Exp. Sta. 5th Ann. Rpt. pp. 75-9, (1893). 

Ea ORS «Ray hos 

° Blight of watermelon vines—Bul. Torr. Bot. Club 18: 373-4, (1891). 
BM Ge Doo lo. 

8]. c., p. 374. 
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straight, slightly curved, ends obtuse, often biguttulate, hyaline. 
On leaves and other parts of watermelon.’’'® 

As stated before, the watermelon vine sent Mr. Chester in the 
autumn of 1890 is presumably used to inoculate young water- 
melon plants in 1892, according to the article in the annual re- 
port previously cited, but it seems more plausible to assume 
that the material used was collected in 1891, as suggested by 
the prevalence of the disease during that season. At any rate, 
during the early part of 1892 young watermelon plants were 
inoculated with spores obtained from an old diseased vine. 
Spots appeared on the leaves and later Phyllosticta pycnidia. — 

A Mycospherella found.—Watermelon leaves, which had 
been preserved in press, were put into a moist chamber. In 
10-14 days pycnidia of the same Phyllosticta appeared on the 
leaf-spots, and among them, perithecia of a Mycospherella with 
spores measuring 14 x 5 Hp. 

Mr. Chester studied the disease in the field during 1892. On 
some fresh, characteristically diseased plants, he found also a 
“pink anthracnose on the same spots.” The anthracnose is 
presumed to be Gleosportum lagenarium (Pass.) Sace. et 
Roum.,"* and is said “to agree with No. 2448 b. in Ellis’ N. A. 
Fungi, which is there marked OJ[olletotrichum]| lagenariwm 
Pass. var. follicolum E. & E.” 

“To prove the relationship of the Colletotrichum to the dis- 
ease under discussion, several young watermelon plants grow- 
ing in the field were on July 28 thoroughly atomized with water 
containing in suspension Colletotrichum spores taken from 
watermelon rind. On August 3 the plants began to show the 
characteristic appearance of the disease and in less than one 
week were. entirely dead. The check unatomized plants re- 
mained perfectly healthy.”!* Similar inoculations were re- 
When p. 374. | 

" Collectotrichum lagenarium (Pass.) Sace. et Roum. is said to be identical 
with C. oligochetum Cavara, given out as No. 99 in Briosi et Cavara’s Funghi 
Parassiti, and not No. 100, as stated by Mr. Chester in a foot note on p. 78, 
Del. Exp. Sta. 5th Ann. Rpt. and by Dr. Halsted on p. 350, N. J. Exp. Stas, 


Rpt. for 1893, New Brunswick, N. J. 
? Del. Exp. Sta. 5th Ann. Rpt. p. 78. 
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peated on large watermelon plants in the field, using “ spores 
taken from the pinkish crust on watermelon rind. In two weeks 
many leaves showed characteristic spots, the vine stalk showed 
discolored zones here and there.” 

In order to obtain perithecia “numerous specimens of dis- 
eased rind” were collected and put into a wintering cage, but 
the Colletotrichum remained unchanged, and no perithecia 
appeared. 


RESUME OF SMITH’S WORK" ON A “ LEAF- SPOT ON 
CUCURBITS.” 


Mr. Smith notes the abundance of a “leaf-spot ” of cucurbits 
on the leaves and fruits of squash and pumpkin, and “to a 
limited extent on the leaves of cucumber and cantaloupe.” He 
thinks it identical with the watermelon leaf-spot disease caused 
by Phyllosticta citrullina Chester.** “On the leaves of various 
cucurbits, there appeared a leaf-spot which was quite similar 
onthe different species. This appeared as dead spots from 
0.5-1 inch (1-2 cm.) in diameter. . . . It is thought these 
spots may be associated with the melon anthracnose, Colleto- 
trichum lagenarium, but no conclusion can be drawn that the 
two are connected in any way. The disease is also found on 
the vine. Plate I, E.”1> “The fungus on the stem forms a 
whitish area which is darkened with blackish specks, the 
pycnidia, Plate I, E.’’** ‘The spores are hyaline, oblong or 
oblong-elliptical, uniseptate bodies . . . vary somewhat in 
size and are not always septate and probably never all become 

so.”17 In pure cultures they were found to be mostly continu- 


13 Del. Exp. Sta. Bul 70 (1905), Newark, Del. 

4F. D. Chester, Bul. Torr. Bot. Club 18: 373-4 (1891), also Del. Exp. 
Sta., 5th Ann. Rpt. pp. 75-9. 

% Del. Exp. Sta. Bul. 70, p. 4. 

16 Reproduced in this Bul. as fig. E of Plate III. The negative was borrowed 
from Del. Exp. Sta., through the kindness of Dr. Mel. T. Cook, Mycologist 
at that station. 
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ous in their early stages, and biguttulate to sparsely septate, 
later. 

Squash agar, potato agar, squash plugs and stems were used 
as culture media. ‘‘ When growing on plugs or stems of squash, 
the mycelium is whitish and floccose; but with age changes to 

a dark color. Experience has shown that, on the rind, the pyc- 
nidia are formed most abundantly.’’® 

“Seedlings of several varieties of squash, pumpkin, cates 
loupe, watermelon and cucumber were inoculated with fresh 
spores during the winter and spring months. This was done 
not only with the fungus found growing on the individual host, 
but also cross inoculations were made on the other hosts of 
the cucurbits. The results were most satisfactory and con- 
clusive 7. e. that all these several fungi were really one and 
would grow on any of the cucurbits used in the experimental 
work.”?? “The Ascochyta form of the fungus, grown from the 
ascosporic stage, was found to cause the disease on cucurbits 
like the other Ascochyta grown from Ascochyta spores.’’?°® 
“ Also a species of Ascochyta, resembling the one studied, 
grow[n] from an ascosporic or perfect stage, a species of 
Sphaerella, gave equally positive results in inoculation work.’’?+ 

Mr. Smith expresses the view that since an Ascochyta differs 
from a Phyllosticta or Phoma only in its having septate spores, 
it may easily be mistaken for one of the continuous spored 
genera. He thinks it probable that Phyllosticta orbicularis E. 
& E.?? “may be the same fungus.” 

A Mycospherella associated with pycnidia.—A Mycosphe- 
rella was sometimes found associated with the Ascochyta on 
squash stems. ‘ Attempts were made to germinate the ascos- 
pores . . . but only on one occasion were they seen to 
germinate. . . . Agar plates were poured, and these were 
inoculated at several points with a single perithecicum of the 


1S bak ives eitay 
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2 The N. Am. Phyllostictas (1900). 
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Sphaerella stage. . . . This experiment was repeated per- 
haps a dozen times always with the same result. The perithecia 
of the Sphaerella stage are darker and more carbonaceous than 
the pycnidia of the Ascochyta stage, so there was no danger in 
confusing the two. The fruit produced by this inoculation was | 
always examined and on one occasion the Sphaerella and As- 
cochyta stage were found in the same colony on the agar plate. 
In fact, at least, two of the Sphaerella perithecia were found.’’”? 

Smith’s article on the “ Leaf-spot on Cucurbits ” is closed with 
the following paragraph in small type: “ Sphaerella cucurbi- 
tacearum (Schw). This fungus has been described in Sac- 
cardo’s Sylloge under the genus Laestadia. At the close of his 
description he suggests in a doubtful manner that the spores 
are at length uniseptate. This I believe to be true and hence 
the species is a Sphaerella. This fungus seems to be much like 
one described by Fries as Sphaeria cucurbitacearum, but from 
his meagre description the identity is uncertain. I don’t think 
there is the least question, but that the perfect stage, or squash 
Sphaerella, is identical with Laestadia cucurbitacearum (Schw) 
and should be, named Sphaerella cucurbitacearum (Schw) 
although in my text I have been satisfied to call the fungus 
Sphaerella citrullina,’’** 


COMPARISON OF CHESTER’S AND SMITH’S WORK. 


Both Chester and Smith seem to give undue prominence to 
the leaf-spot Phyllosticta, though the fungus on the stem -is 
noted by Chester as forming “elongated dark patches” and 
Smith says it “forms a whitish area which is darkened with 
blackish specks, the pycnidia.” The Mycospherella-wilt fun- 
gus with its characteristic appearance and numerous fruiting 
bodies on the stem is given but secondary place by Smith and 
scarcely noticed at all by Chester. However, the latter’s view 
seems to have changed during the progress of his work as shown 
by his change of names, first calling it, “ Wilt of watermelon 
vines,” and then “ Anthracnose of the watermelon.” 


an te Cee 1, 0 
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Chester tried to show that his Phyllosticta is the same as a 
certain Colletotrichum; he succeeds in showing that the “ pink 
anthracnose” is parasitic on cucurbits, but fails to connect it 
with his Phyllosticta. Smith tried to connect his Ascochyta 
with Chester’s Phyllosticta citrullina but records only conjec- 
tural evidence. The remarks by Chester on the relation of © 
several anthracnoses, and his Phyllosticta, and the work and 
suggestions by Halsted,”° on the former, need not be considered 
here, because no relation could be found between them and the 
Mycospherella-wilt fungus. 

The production of dead areas on leaves of a host, by pouring 
water laden with spores of a stem parasite of the same host on 
them, is no proof that the fungus normally parasitizes the 
leaves.2° Especially is this true when the dead areas or 
spots produced fail to develop the fruits of the fungus used. 
In cases where the inoculated plants are enclosed in moist 
chambers, the results are yet more unreliable. When aerial 
parts of a host are at all susceptible to a certain fungous para- 
Site, it seems probable that, under such conditions, all aerial 
tissues of that host, which have no special structural protection, 
would be more or less attacked, unless the required aeration 
for the fungus were prevented by the excessive moisture. Smith 
records no fruits on his artificially induced leaf spots; nor has 
the writer obtained pycnidia on leaves under any conditions, 
though dead areas developed from moist chamber infections; see 
Plate XI. 

It seems that Chester either overlooked the fructifications of 
the Mycospheerella wilt on the vines, or it was not associated 
with his Phyllosticta leaf-spot, because he makes no mention of 
pycnidia or perithecia on vines; though, according to the 
writer’s observations, to be given later, that is a constant char- 
acter of the disease, both in the greenhouse and in the field. It 
appears more probable that Chester found the two fungi on the 
BN. J. Exp, Stas. Rpt. (1893) pp. 347-56, New Brunswick, N. J. 

*® Miss C. M. Gibson’s infection experiments with various rusts upholds 


such a view. Notes on infection experiments with various Uredinex. The 
New Phytologist 3: 184-191 (1904). 
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same plants in Delaware, and that, since both are parasitic on 
the same host, they were confused with each other. Chester’s 
characterization of the disease, and his finding a Mycosphe- 
rella seem to indicate that he also had Smith’s fungus. From 
one of Smith’s sentences, quoted on page 258, it seems possible 
that he had two fungi of the same type; on that assumption 
Chester may have had the other Mycospherella. However, 
that suggestion is probably incorrect, though the quoted sentence 
is too ambiguous to be certain of its meaning. 

The relation of Smith’s, ascosporic and pycnidial forms of the 
_ parasite is definitely shown, and sufficient scattered description 
of both is given, so that, with the aid of his photograph of a 
diseased squash stem (Plate IX, fig. E. of this bulletin) and 
a large quantity of squash-stem material, obtained from the 
Delaware Station in 1907, (collected and labeled by C. O. 
Smith) there is no doubt that Smith had the same fungus which 
is discussed in this publication, though his technical descrip- 
tion of the imperfect form should be discarded, because it is 
only an amended form of Chester’s description of Phyllosticta 
citrullina. As indicated before, Phyllosticta citrullina Chester 
seems only an accidental associate of the Mycospherella-wilt 
fungus, and has never been found by the writer. 

According to the evidence obtained, there is no reason to sup- 
pose that the Mycospherella-wilt fungus is at all related to 
Spherella (Lestadia) Cucurbitacearum (Schw) ? Cooke (see 
appendix), but it seems possible that Spheria Cucurbitacearum 
Fries may be a Phoma®* often found on the rind of squashes, 
etc. At any rate, spore measurements attached to that species 
by Saccardo,?* and seemingly copied by Allescher,’® correspond 
very nearly to this Phoma, the spores of which measure 7-10 pz, 


Whether or not this rind Phoma is a form of Cooke’s Sphe- — 


rella (Lestadia) Cucurbitacearum can not be determined with- 


21 Material of this type was obtained from the Mycologists at the Delaware 
Experiment, Station, in 1907, which was collected and labeled Ascochyta, 
by C. O. Smith, Dec. 1903, at Newark. 

8 Sylloge Fungorum, III, p. 148. 

22 Rbh. Kr.—Flora, Vol. I, pt. 6, p. 284. 
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out examining all authentic herbarium material (if there is 
any) in connection with extended field observation and cultiva- 
tion of the above Phoma. 


OBSERVATIONS ON HERBARIUM MATERIAL*® RE- 
CEIVED FROM THE DELAWARE EXPERIMENT 
STATION, 1907. 


Squash vine material labeled Spherella had rather scattered 
perithecia, but of the same type and structure as those of the 
Mycospheerella-wilt fungus. The measurements were: peri- 


thecia 110-170 pw, asci 45-55 x 7-10 mw, and spores 10-13 x 4 p.- 
Squash stem material marked “ Ascochyta citrullina” was 
found to contain mostly perithecia of the Mycospheerella-wilt 
fungus, but also some of the typical Diplodina pycnidia, with 
spores hyaline, 9-15 » long, uniseptate, more or less cylindrical 
and with or without constrictions at the septa. The Myco- 
spherella perithecium, ascus and spore characters were the 
same as those of the Mycospherella-wilt fungus. 

The cucurbit leaf specimens labeled “Ascochyta citrullina 
(Ches.) Smith ” had pycnidia measuring 80-135 m3; the spores 
were elongate-ovoid, hyaline, continuous (about 3 per-ct. being 
doubtfully septate) and measuring 7-9 x 3 pw. It seems a fairly 
typical Phyllosticta. 

There were also a few good specimens marked “ Colleto- 
trichum,” on leaf petioles of squash. The fruiting regions on 
these petioles were typical of that genus. The sete were 
very conspicuous and the spores of the required type. 

A considerable quantity of material marked “Ascochyta on 
fruit of squash, collected by C. O. Smith, December 1903, 
Newark, Delaware,’ may be described as follows: Pyenidia 
irregularly scattered on discolored rind or in concentric rings 
on nearly unchanged and normally colored rind. Both types 
are covered by the unbent palisade-like layer of the squash- 
fruit epidermis; only the blackish ostiola bend and break 


39 Collected mostly by C. O. Smith, and lent by the Mycologists of the 
Delaware Exp. Sta. 





Photo. by M. J. Dorsey. 
PLATE VII.— A DISEASED BUT STILL Living MUSKMELON VINE. 


1, Leaves killed by red spiders; 2, diseased regions with dead cortical girdles having 
pycnidia, bordered by dying, oily green colored tissues. 








Photo. by M. J. Dorsey. 
Prate VIII.— Preces or Vine Suown 1n Piate VII, witH NUMEROUS PYONIDIA 


(Pyc). 1, Green, living portions; 2, regions with dead cortical tissues. 
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Puate LX, 
A, Portion of muskmelon vine with both pycnidia and perithecia; 1, Green, living 
portions; 2, dead, cortical regions, with pycnidia; 3, regions with perithecia. 
Photo. by M. J. Dorsey. 
“ K, diseased squash stems, showing black dots, the pycnidia of the fungus.” 
From. Del. Ex. Sta. Bul. 70, Plate 1. 

















PLATE X. 


A.— Section of pyenidium on muskmelon, showing mycelium (Myc.), epidermis of 
host (E) and spores, ; 

B.— Section of a perithecium with immature asci. On muskmelon (cut slightly 
on the bias, walls are really a little thinner). 

C.— An ascus with spores, and the three types of spores. 

D.— Germinated and ungerminated pyenidiospores. 

E.— Photograph of section of muskmelon vine, showing isolation of fibrovascu- 
lar bundles, and some fungous-hyphal masses. 














PLate XI.—Youne MUSKMELON PLANT INOCULATED, IN Moist CHAMBER, WITH PyontIp- 
IOSPORES BY POURING THEM ON THE LEAVES AND STEM. 


X, Affected regions; no fruiting bodies developed on the leaves. 








ay 


Phote. by F. E. Colburn. 
PLATE XIJ.—Suort Pieces oF INOCULATED PUMPKIN VINES. 


A, Grafting wax still in place. . 
B, Wax removed from region 3: 1, wound through which mycelium entered hollow 
pith shown at 2; 4, dead portions of partially detached slivers, with perithecia, 
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through it. They measure 90-150 » and are more or less de- 
pressed by the epidermis. The spores are oblong-ovoid, hyaline 
and mostly continuous, measuring 7-10 wp, the longest ones 
often being uniseptate.—Probably a Phoma as indicated before. 

These, together with the greenhouse and field observations, 
to be given later, seem to show that Chester’s Phyllosticta 
citrullina may be retained in the genus Phyllosticta, and that 
it at least should not be connected with Smith’s “ Ascochyta 
on squash stems.” However, nothing can be said about the 
real relation of Phyllosticta citrullina Ches. and Smith’s “ As- 
cochyta ” on squash rind, except that according to the accepted 
scheme of classifying Deuteromycete they belong to different 
form genera, that on the rind being morphologically a Phoma. 

The material marked “ Ascochyta on squash stems ” probably 
underwent some change after it was examined and labeled, since 
it had mostly perithecia of the Mycospherella-wilt fungus. 
Some of the writer’s observations also indicate that the pyenidia 
of this fungus may later change to perithecia by the develop- 
ment of asci from the interior of the basal portion of the fruit- 
ing body. In fact the mixture of these perithecia and pycnidia 
of the Mycospherella-wilt type, under the label Ascochyta by 
its own author, indicates, not only that Smith’s Ascochyta and 
Spherella are connected, but also, that he had the fungus 
under discussion in this bulletin. 


THE WRITER’S WORK OF 1907. 


As intimated in the introduction of this bulletin, the work, on 
this disease-producing fungus, had been completed and the dis- 
cussion put in type before any reference to it had been found 
elsewhere. The following is simply a scissors-and-paste report 
of the work of 1907; the present year’s (1908) re-examination 
of the disease and of the fungus causing it, is briefly given 
afterwards. 

DISEASE NOTICED. 


The muskmelon vines in the Station greenhouse had prac- . 
tically reached their full growth before any trouble appeared. 
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Some of the first fruits were nearly ripe. The fungous disease 
was preceded by a rather severe attack of the red spider (Te- 
tranychus telarius) upon the foliage, to such an extent, in fact, 
as to kill many leaves. The spider was similarly troublesome 
in an adjoining greenhouse in which cucumbers (Cucumis sati- 
vus) were grown. The blotched and dying leaves of cucum- 
bers and melons first brought to the pathology laboratory by 
Mr. Wellington showed no traces of any fungous parasite. Yet 
the leaves continued turning yellow and dying in both green- 
houses. The leaf petioles of these leaves slowly turned yel- 
low and dried up, beginning at the dead leaf blade and gradu- 
-ally proceeding toward the vine axis from which the leaf grew. 
The spider was combatted by using ordinary hydrant water 
applied to the infested parts of the plants with a hose. It with- 
stood that treatment but comparatively few days. 

But it seems the trouble had only just begun. After the 
ravages of the spider had been gotten somewhat under control 
there appeared a marked difference between the recovering 
abilities of the plants in the cucumber and melon houses. The 
former soon showed fresh green foliage again, and, with the ex- 
ception of the dead leaves, looked normal; while the latter 
seemed not to recover very rapidly. In fact, in a few cases, the 
dying petioles seemed to have a somewhat water-logged appear- 
ance at their junction with the vine. On a few nodes of this 
kind an oily-green colored region was evident from which a few 
drops of resin-colored gum had exuded. However as other 
things required attention at this time no more thought or time 
was given the melons till about a week later, when a few inter- 
nodes, which had the nodal regions rather thickly specked with 
light-brown to dark-brown fruiting bodies of some fungus, were 
brought to the laboratory. On the internodes beyond the fruit- 
ing zones, the oily-green, water-logged character of the vine was 
very conspicuous; and this, with the resin-colored drops of gum 
which had exuded from them, seemed evidence that the condi- 
tion of some nodes, as noted before, was the beginning of this 
- disease. 3 
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INVESTIGATION OF DISEASE. 


General description of the disease.—The greenhouse was 
visited at once and a striking difference found between the 
appearance of the melon plants then, and that of a week previ- 
ous. Three or more plants were much wilted. Several of their 
lower nodes and some of their internodes were oily-green in 
color with or without gum exudation, while others had passed 
beyond that stage, having all the formerly oily-green regions 
turned either a dark and gummy or dry and grey color, de- 
pending upon the relative quantity of gum present and the ex- 
tent of the cortical and sub-epidermal mycelial development 
that had taken place during the earlier stages of the disease. 
Upon looking the plants over more carefully it became very 
evident that a large percentage of them had some stage of the 
trouble at one or more of their nodal regions, more commonly 
on the lower nodes. Most of these infections were confined to 
small regions at the nodes, having seemingly originated in the 
axil of the leaf or in the crotch of a branch. Atl the smaller 
infections simply had the peculiar water-logged and oily-green 
condition; however, at those places where the disease had ex- 
tended some distance above and below the nodes, there were 
generally numerous drops of gum and pycnidia present, espe- 
cially on the lower nodal regions of the vine. See plates VII and 
VIII. In no case was an infection found to have started on an 
internode, but always either in the axil of a leaf or crotch of a 
branch. All infections observed at branchless nodes occurred 
at those having leaves which had been affected more or less 
by the red spider. At branching nodes the infection took place 
nearly exclusively in the crotch and not from the leaf axil; 
in some cases of crotch infection the leaf was normal and 
healthy. | 

Making pure cultures from diseased melon vines.—An ex- 
tensive set of pure cultures was made from various regions of 
diseased muskmelon vines by: taking bits of tissue under sterile 
conditions and transferring them to potato-agar tubes. All 
tubes containing tissue from the pith region remained sterile, 
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while those from the cortical region developed fungous my- 
celium in every case. 

Preliminary inoculations in the greenhouse.—There being 
still some unaffected plants in the greenhouse, a few of them 
were used for preliminary inoculations. Two of the healthy 
vines were inoculated at two points each, by cutting a bit of 
the cortical tissue loose and inserting bits of mycelium from 
the potato-agar tubes, taking the usual precautions regarding 
sterile instruments. After sterilizing the scalpel carefully, 
two additional wounds were made. All were covered with 
grafting wax. Three days later both the inoculated vines were 
slightly wilted, and a week after the date of inoculation the in- 
fested vines had the characteristic appearance of the disease 
both above and below all four of the inoculated points; the usual 
oily-green, water-logged appearance of the affected regions 
farthest removed from the points of infection, and drops of 
gum on the nearer, darker colored parts. Next the wax, all the 
vines had an abundance of the yellowish brown to dark brown 
fruiting bodies. The checks, on a vine next the inoculated ones, 
had no trace of disease, and upon removing the wax from one, 
it was seen that a normal callus had formed over the wound. 

The parasite may penetrate uninjured melon vines.—On 
August 2 a few inoculations were made in the greenhouse to 
test the penetration powers of the parasite. A healthy vine was 
selected and bits of mycelium from the formerly used set of 
pure cultures were placed on the uninjured surface of the main 
axis; three in crotches and one on an internode. August 8 the 
fungus had evidently penetrated at two of the inoculated points, 
for the usual water-logged appearance on both sides of the 
covering of grafting wax was present. About two weeks later: 
(August 22) the disease had progressed some distance above 
and below the place of infection at both of the above noted 
cases, but the one at the node seemed to have penetrated deeper 
than that at the internode. The nodal infection looked darker 
and had the usual quantity of resin-like gum on its surface, 
while the one at the internode left the vine looking a little 
light-grey, with scarcely a trace of gum. But both had fruit- 
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ing bodies of the fungus, although the darker one had them 
standing much closer together. This test shows plainly that 
the fungus is able to penetrate the healthy uninjured surface 
of the muskmelon vine, and it also seems probable, from this 
experiment, that natural infection, occurring only at the nodes, 
is simply due to the fact that the spores were held at those 
points by drops of water sufficiently long for them to germinate 
and penetrate the tissue of the host, while the internodes 
afforded no such halting places for water. 

Inoculation of melon vines in the garden.—It seemed rather 
important that inoculations should be tried out in the open and 
at a place where the disease had not, so far, appeared. The 
Director of the Station, Dr. W. H. Jordan, kindly consented 
to sacrifice Some muskmelon vines growing in his garden, and 
on August 2 three vines were inoculated with mycelium from 
the same set of cultures as that used in the greenhouse on the 
same date; but the fungus was put in scalpel wounds instead 
of on uninjured surfaces as was done in the greenhouse in- 
oculations. Each vine was inoculated at two points and 
covered with grafting wax. ‘Three check inoculations were 
prepared; one on each of the vines. They were re-examined 
‘August 8 and it was found that only two of the inoculations 
had been effective. Upon removal of the grafting-wax cover- 
ings from the unaffected inoculated points, a large part of the 
cortical region of the covered portion was found to have been 
destroyed. The fungous hyphae were found present through- 
out the dry portions of the cortex, but the deeper lying green’ 
portions of the vine contained no hypnae which could be seen 
in freehand sections. 

Microscopic characters of the pycnidial form.—The fruiting 
bodies, upon microscopic examination, proved to be pyenidia 
containing two-celled hyaline spores of the Diplodina type. A 
section shows the pycnidia originating in the region just under 
the epidermis through which they break, finally seeming nearly 
superficial. The pycnidia are slightly depressed globular, with 
pore-like ostiola, and measure 100—165 w, See Plate X for 
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sketch. They originate from a very extensive, much branched 
brownish subepidermal mycelium and a much less profuse 
cortical mycelium. Both longitudinal and cross sections show 
the mycelium rather abundant in the cortical regions, but the 
deeper tissue reveals none except in cases where there is a 
wide gap in the sclerenchyma tissue, and even in such cases it 
does not progress very far between the bundles till some time 
after the maturity of the Diplodina spores. There were some 
cases noted in the greenhouse where the vines were killed about 
the time the spores were mature. Sections of such vines had 
abundant mycelium even in the pith region. A few days after 
such a vine had been killed by the disease a photograph was 
made of its cross section which clears up some points. See 
Plate X. 

Discharge of pycnidiosporcs and how the disease was spread. 
—Upon examination of the pycnidia with a hand lens the 
darker ones are all seen to have papillate elevations in place of 
pore-like ostiola. By the addition of a little water to some 
unbroken pycnidia under a cover glass the microscope showed 
the papillate elevations to be masses of two-celled hyaline 
spores which had been forced out from the interior of the pye- 
nidia. Shortly, the masses loosened somewhat showing indi- 
vidual spores more clearly, streamed off into the water, with a 
rather compact column of like spores continuing the stream- 
ing as long as three or four minutes. If one now recalls that 
this fungous disease was preceded by an attack of red spider and | 
then followed by a long daily siege of heavy spraying with 
hydrant water, it will probably help explain the rapid spread 
of the disease after it had once started. And it also seems 
probable that an explanation of the position, on the vine, of 
all infections may be sought here. During spraying the pye- 
nidia were moistened and those having mature spores would 
send forth numerous streams of spore masses which were at 
once carried away by the continuous stream of water and 
lodged on other vines, even at some distance beyond, down 
which they would be washed by the descending water. As 
the axils of leaves and the crotches of branches would natu- 
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rally retain certain quantities of this descending water, loaded 
with spores, suitable conditions for their germination were 
thus secured, from which infection could take place by the 
penetration of the mycelium into the axils or crotches of the 
vines. Of course, the saturated and warm atmosphere of 
the house was also very favorable by- permitting drops of 
water to remain even whole days at such places. 

Another spore form.—Around the nodal regions of some of 
the diseased vines are often darker fruiting bodies scattered 
among the brownish pycnidia, while a few regions were found 
having these black bodies alone. Only the older regions of 
diseased vines seemed to have the black fruiting bodies; for 
_example, when any were present they were always most 
numerous about the point of infection, while farther removed 
from that point the pycnidia exclusively occupied the substra- 
tum (Plate 1X). The vines having any of these darker fruit- 
ing bodies were either dead or in a dying condition when first 
observed. These black bodies are perithecia, containing subses- 
Sile to sessile, aparaphysate, cylindrical to clavate-cylindrical, 
eight-spored asci. They are very slightly imbedded in the host 
tissue as shown by hand sections, i. e., they are evidently erump- 
ent although finally nearly superficial. The perithecia are 
somewhat depressed-globular or inverted-top-shaped with their 
papillate apexes perforated by ostiola. They measure about 
100-165 », and the asci 45-58 p, 

Collection and separation of the two types of fruiting bodies. 
—A large quantity of material was collected, from the diseased 
portions of muskmelon vines in the greenhouse. Some specimens 
were dead and dry; others were from vines in a very much wilted 
and dying condition, while a few were taken from green, 
rather vigorous looking plants, It was only on the former 
two types of material that perithecia could be found. By 
going over all the collected material it was separated into two 
groups, one containing only pycnidia and the other from few 
to mostly perithecia. | 
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LABORATORY CULTURES OF THE FUNGUS (IN 1907). 


Cell cultures of pycnidiospores.—A number of culture cells 
were prepared with small drops of sterile water and a few (per- 
haps from three to twenty) pycnidiospores were introduced, 
which were secured by putting some crushed pycnidia into a 
test tube about one-third full of sterile water. Twenty-four 
hours after planting nearly all were germinated. Some camera 
drawings on Plate X will help one get an idea of some of the 
stages as they occurred at this time. At the close of the 
second day there was some additional growth and branching, 
but the third day gave scarcely any growth although some 
differentiation had taken place. The short and_ sparsely 
branched mycelia had become septate and’ in many cases only 
a few of the terminal cells were filled with protoplasm. Most 
of the proximal cells seemed practically empty. Occasionally 
the two terminal cells on short lateral branches looked spore- 
like by being almost constricted off from the other cells of the 
mycelium. It has not been shown whether these bodies are 
secondary conidia or not; perhaps they are not. These cul- 
tures simply show that the pycnidiospores germinate in water 
and may be able to infect the host from twenty-four to thirty 
hours after a suitable environment has been attained. Trans- 
fers were made to potato-agar tubes to use for inoculations. 

Cell cultures of ascospores.—Another set of fifteen culture 
cells were prepared like the above and the drops were each 
supplied with a crushed perithecium. Five infected drops were 
allowed to evaporate by holding the cover glass at some dis- 
tance above a flame. <A bit of agar was then put on the dried 
asci. All cultures were examined and those discarded which 
had no asci with spores. Both fusoid and constricted spores 
were often in the same drop, but in different asci. Two days 
after preparing the cultures many of the spores had germinated. 
There was practically no difference between the germination of 
these ascospores and the pyenidiospores. None of the fusoid 
spores were seen to germinate. The drops from three of the best 
cells were transferred to five potato-agar tubes. On the follow- 
ing day many of the germ tubes in the remaining culture cells 
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had become branched end septate. Only two of the agar cells 
had germinated spores. The others probably got too hot in 
drying over the flame. There was still no change in the fusoid 
spores. More transfers to potato-agar tubes were made. 


FIELD INOCULATIONS (IN 1907). 


Ascosporic and pycnidiosporic inoculation of muskmelon.— 
Two hills of muskmelons, which grew vigorous, healthy vines, 
having some full grown melon fruits attached, were selected in 
the garden, and on August 12 the plants of one hill were inocu- 
lated with pycnidiosporic and that of the other with ascosporic 
mycelium. The inoculating was done on the internodes by 
making tangential cuts into the cortex, inserting a bit of my- 
celium from potato-agar tubes and covering with grafting wax. 
Eight ascosporic and seven pycnidiosporic inoculations were 
made. Three checks were prepared for each group. 

On August 24 seven of the ascosporic inoculations had pro- 
duced the disease on the infected parts of the vine, showing the 
usual water-logged conditions of the green tissue farthest re- 
moved from the center of infection. The cortex nearer the in- 
oculations was dead and dry, having a greyish color, and specked 
with dry drops of gum here and there. The general appearance 
of all but one of the plants was fresh and green, in fact, aside 
from the dead cortical girdles at the points of inoculation, 
the vines seemed normal. However, one of the vines looked 
rather flaccid and its leaves drooped slightly. Only four of 
the seven points inoculated with pycnidiosporic mycelium had 
become infected, producing a result just like the one described 
above; but two of these infections had a few pycnidia at the 
edges of the grafting wax. 

The plants were reexamined on September 16. The two 
formerly wilted plants and one inoculated with pyenidiosporic 
mycelium had died while two of those infected with ascosporic 
mycelium were very much wilted. AI] diseased parts contained 
fruiting bodies of the fungus. Both pycnidia and perithecia 
were present on several infections of each hill, but the asci 
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were, with few exceptions, without spores. Those having spores 
had the characteristic appearance, and were of the same size 
as those used for the cultures. The three checks for each group 
were normal and uninjured throughout. 

Inoculation of pumpkin vines with both mycelia.—To get 
some idea regarding the possible parasitism of this fungus for 
other species of the gourd family, pumpkin (Cucurbita Pepo) 
cucumber (Cucumis sativus), and watermelon (Citrullus vul- 
garis) plants were inoculated with both types of mycelia. 

On August 25 a vigorous pumpkin plant was inoculated 
in the usual way on various parts of its vine. Three inocula- 
tions with pycnidiosporic and four with ascosporic mycelium 
were made. September 5 two of the pycnidiosporic and three 
of the ascosporic infections had rather narrow bands of slightly 

rater-logged tissue on both sides of the wax covering, but no 

traces of gum flow could: be seen. September 14 they were 
again examined. The wax was removed from those having 
shown no trace of the action of the parasite. 

The wounds made during inoculation had healed normally. 
The narrow bands of water-logged tissue on those mentioned 
above had become no wider but had become dry. <A few of the 
covers were removed and a dead girdle of cortical tissue was 
found extending about the width of the wax. The more or less 
hollow pith region of one of these had the inner surface of its tis- 
sues of a. brownish color. Some transfers were made of the pith 
tissue from two other specimens, which had had waterlogged 
areas about the wax, and a fungous growth resulted which 
seemed indistinguishable from the one employed in the inocula- 
tions. On September 18 there were scattered perithecia on the 
three remaining infections around which some dead tissue could 
be seen. The hollow pith region (around the edges of which 
was some brown tissue containing hyphae of the fungus). as 
well as the perithecia, may be seen on Plate XII. Upon con- 
sulting the labels attached to the above inoculations two were 
found to have been infected with ascosporic and one with 
pycnidiosporic mycelium, on August 25. The perithecia were 
of the usual type, size and color. There were no pycnidia 
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present on any of the specimens. Many of the asci had their 
spores nonseptate; others, however, were septate. 

Some peculiarities of pumpkin as a host.—Judging from the 
very slight injury done to the pumpkin vines there seems no 
doubt but that this host would be immune under ordinary condi- 
tions, though the presence of living mycelium in the naturally 
hollow pith region would probably have caused more trouble in 
course of time. _ 

Perhaps the most) striking peculiarity noted on this host is 
the entire absence of pycnidia from both ascosporic and pyc- 
nidiosporic infections. A large number of lighter-colored fruit- 
ing bodies farthest removed from the inoculations were care- 
fully examined in the hope of their being pycnidia, but without 
exception, they were young perithecia in various stages of de- 
velopment. The substratum or host seems to be the determining 
factor as regards the production of perithecia and pycnidia and 
it would be of great interest to find some way of reproducing 
these conditions in pure cultures. 

Inoculation of watermelon vines.—On August 31 inoculations 
with both types of mycelia on watermelon vines (Citrullus 
vulgaris), growing in the garden, were made. The infecting 
was done in the usual way by wounding the internodes of the 
vine with a sterile scalpel. Two vines were inoculated at two 
points each with pycnidiosporic mycelium and two other plants 
with ascosporic mycelium; one at three points and the other 
at two. Two checks were prepared for the group of four and 
three checks for the group of five. On September 5 all inocula- 
tions of both groups had taken and one vine in each group had 
wilted. Pycnidia were present on vines of both groups. They 
were the size and character of the Diplodina before mentioned ; 
the spores also agreed in both size, form and color. Eleven 
days later, September 16, some of the dead and dying vines were 
collected. Specimens from both types of inoculation contained 
perithecia and pycnidia. The checks were all without any 
traces of disease. 

Comparison, of susceptibility of muskmelon and watermelon. 
—The parasite did more active and destructive work on water- 
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melon than on muskmelon. The watermelon vines were less 
resistant and the pycnidia were mature a day or two sooner 
than on muskmelon. The watermelon vines were healthy and 
bearing many but small fruits; however, the vines were rather 
short and slender. Possibly the severity of the attack was in 
some measure due to the rather slight vines. It would per- 
haps be of interest to grow some watermelons in a greenhouse 
with the fungus present, for it seems probable that they would 
be naturally parasitized by this fungus. 

Inoculation of cucumber vines.—On August 31, both types 
of mycelia were used to inoculate some nature but still vigorous 
cucumber vines. Three pycnidiosporic and five ascosporic in- 
oculations were made, also two checks for each group. The 
method was the usual one; tangential cuts were made with a 
sterile scalpel into the cortex of the vines, and bits of mycelium 
inserted and covered with grafting wax. 

September 5 there was no change either on the infected or 
the check vines. September 14 some of the wax coverings were 
removed and found to have the cortex of the vines uninjured 
by the introduced fungus. A normal callus had formed over the 
wound. All inoculated bits: of vines were examined micro- 
scopically and cultures were tried from the interior but neither 
method revealed a fungus. 

Why is the cucumber vine immune ?—Since the cucumber and 
muskmelon are species of the same genus (Cwewmis) it was to 
be expected that the cucumber would also be parasitized. As 
there were no younger cucumber plants accessible, their resist- 
ance could not be tested. It seems very strange that this species 
of Cucumis should be immune while a species of a related genus 
is very susceptible. The similarity of stem structure of Cu- 
cumis Melo and Cucumis sativus is evidence that the difference 
in the susceptibility of the two species is not due to their struc- 
tural differences but rather to differences in the cell sap or 
cell constituents.*? . 

%t Parasites, of course, differ in their reactions to the same groups of host 
species, as shown by G. M. Reed’s work, Infection experiments with the 


mildew on Cucurbits, Erysiphe cichoracearum DC. Trans. Wis. Acad. Se., | 
Arts, and Letters 15: 527-47 (1907), Madison, Wis. 
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INOCULATION OF POTTED MUSKMELON PLANTS. 


Inoculation of young muskmelon plants by pouring spores, 
suspended in water, over them.—Potted muskmelon plants 
which had been planted for this experiment (the Emerald Gem 
variety), had now attained to a size sufficient for use in inocula- 
tions in a moist chamber. They were from six to ten inches 
long, having from four to seven foliage leaves developed. Sep- 
tember 2 six of them were put in a large cubical moist 
chamber, in the greenhouse, having its sides and top of glass 
and its floor covered: with a layer of Sphagnum moss. The 
plants, floor and sides of the moist chamber were thoroughly 
sprayed with hydrant water. <A quantity of crushed pycnidia 
was put in each of six test tubes about half full of sterilé water 
and one tube slowly emptied on the vine and leaves of each 
of the plants. Also two of the potted plants were placed under 
separate bell jars in the laboratory. A tube of sterile water 
containing a large quantity of pycnidiospores was poured over 
one and the other left for a check. 

September 5 there were a number of leaves, in both the cubical 
moist chamber and under the bell jar, having brownish areas 
where the tissue was dead. Sections of the leaves were made 
and found to contain mycelium threading through all parts of 
the affected regions. Many of the flower buds and leaf axils 
had traces of the water-logged tissue noted as a symptom of 
this disease. On September 7 most of the leaves of the inocu- 
lated plant under the bell jar were wilted and drooping. It 
was photographed and many of the above facts may be seen 
by referring to Plate XI. The check under the other bell jar 
remained healthy. 

September 22 only four of the six plants which were placed in 
the large cubical moist chamber had been practically killed. 
The other two had a few dead regions on some of their leaves 
but had seemingly recovered. Two of the dead plants had a 
few scattered pycnidia on the vines but none on the leaves. 

Inoculation with pycnidiospores by wounding the host.—Sep- 
tember 6, four of the healthy potted plants were inoculated with 
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pycnidiospores by placing the spores in a wound and covering 
with grafting wax. The pycnidia for this were carefully picked 
with a sterile needle and crushed in small drops of sterile water 
on sterile slides. The drop containing the spores was: then 
carefully drawn off into the wound. One check was prepared. 
September 18, three of the plants were very much wilted and 
the fourth had only a small region next the wax which was 
water-logged. The three dying plants had numerous pycnidia, 
but no perithecia, on the diseased parts. On September 26 the 
fourth inoculated plant had wilted and was dying. Pycnidia 
were also present. October 7 perithecia could be found on two 
of the four. The check was still in good condition. On Septem- 
ber 25. the two remaining potted plants were inoculated with 
ascosporic mycelium which had been obtained from Van Tieg- 
hem cell cultures, September 18. October 7 both vines were 
wilting and dying, and there were pycinidia present near each 
point of inoculation. 

The relation of the two types of fructification.—The pure 
cultures from the ascospores and the pycnidiospores, used in the 
foregoing inoculations, give strong evidence that the Diplodina 
pycnidia are the fruiting bodies of the Mycospherella, coming 
later. There seems no question but that these two types of 
fruiting bodies are simply stages in. the life cycle of the same 
fungus. With but one exception, inoculation with ascoporie 
mycelium produced the Diplodina pycnidia before any perithecia 
were produced. The exception has but little weight here be- 
cause on that host (pumpkin) the pyenidiosporic inoculation 
produced only perithecia also. 


SPORES, IN CULTURE, NOT TYPICAL. 


On November 12, transfers of both types of mycelia were 
made to tubes of alfalfa stems. The mycelial growth of both 
was similar and vigorous, turning darker with age. November 
26, numerous typical Diplodina pycnidia were present in all 
the tubes. No difference could be detected between those from 
the ascosporic, and pycnidiosporic mycelia; they were some- 
what undersized from both. The spores were also small, 


bo 
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mostly 9-12 w, Only about half of them were septate. The 
shorter ones were either continuous or doubtfully septate. 


RE-EXAMINATION OF THE MYCOSPHARELLA WILT 
OF MELONS IN 1908. 


Introduction.—Both the red spider and the Mycospherella 
wilt reappeared on muskmelons in the same greenhouse in 1908. 
The soil used on the melon benches in 1907 was removed in 
September, exposed to the weather, but returned to the same 
benches in March, 1908. The house was thoroughly fumi- 
gated with hydrocyanic acid gas before the plants were intro- 
duced. They were benched about two months earlier than in 
1907. | 

The appearance of other parasitic fungi.icmWhen the melons 
were about two-thirds grown a Coremium-like fungus was found 
attacking two vines a few inches from the ground and destroy- 
ing the cortical tissues on a short region of the stem. The fun- 
gus produced large quantities of spores but failed to infect other 
plants. The two affected plants neither wilted nor evidenced 
harmful effects, yet each had a girdle of destroyed cortical tis- 
sues. A Sclerotinia, probably Sclerotinia Libertiana Fckl., 
proved a more virulent parasite. The parasitized vines had an 
oily-green, water-logged appearance, and occasionally a few 
drops of exuded, resin-colored gum. By the presence of fluffy, 
aerial mycelium, later forming sclerotia, and by the entire 
absence of any fruiting bodies on the affected stems, it is easily 
distinguished from Mycospherella wilt, though it may cause 
partial wilting of the vines. Comparatively little damage was 
done by this fungus. : 

Occurrence of the red spider.—The red spider became evident 
shortly after the appearance of the Sclerotinia; it was sprayed 
with water as in the previous season and readily controlled, 
though some leaves turned yellow. 

Reappearance of the Mycospherella wilt.—About the time 
the first melon fruits had attained full size, the Mycospherella 
wilt reappeared; being about a month earlier than in 1907. 
On June 23, three vines were found to have some of their lower 
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nodal regions affected. The hardened drops of gum about the 
dry, greyish nodes with densely scattered pycnidia, and the oily- 
green, water-logged appearance of the stems below and above 
the nodes, was a repetition of its occurrence in 1907. Again, on 
some diseased vines the older affected regions (the parts having 
fruits of the fungus) were of rather dark color and had larger 
quantities of exuded gum. Numerous Diplodina pycnidia were 
present on all the affected nodal regions, and, on a few of the 
oldest infections, Mycospherella perithecia. A week after the 
disease was first noted, more than a dozen vines had become 
infected at several nodes each. ; 

No Phyllosticta on the leaves.—A thorough search was made 
for Chester’s Phyllosticta on the leaves of the infected vines 
but it was not found, though, at many of the diseased nodes, 
the leaves died about the time the water-logged condition first 
was observed. (Probably due to the red spider.) 

The disease more conspicuous than in 1907.—On July 20, at 
least one-third of the vines were either badly wilted or dead. 
The disease was more rapid and destructive than in 1907, and 
possibly more conspicuous because the red spider had injured 
and killed fewer leaves before the fungus appeared. The fuller 
descriptions of 1907 are referred to for details regarding the 
fructifications and appearance of the disease. 

Re-isolation of the fungus in 1908.—In order to obtain fresh, 
vigorous cultures for inoculation experiments, numerous tissue 
transfers from the interior of diseased, water-logged portions of 
muskmelon vines were made to tubes of potato-agar. Carefully 
picked perithecia and pycnidia® were crushed in separate drops 
of sterile water, and under sterile conditions, transferred to 
separate sets of 25 Van Tieghem cells. In about twenty hours, 
probably 95 per ct. of the spores, in both the ascosporic’ and 
pycnidiosporic cells, had germinated. Many transfers to tubes 
of potato-agar were made from both types of germinated spores. 
The resulting mycelial growths seemed identical in all tubes. 
An inoculation test on muskmelon vines proved both alike 
parasitic and followed by like pycnidia and perithecia. 


*It is a comparatively easy matter to distinguish between pyenidia and 
perithecia with a hand lens. 
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MYCELIAL INOCULATIONS OF SOME OTHER SPECIES OF CUCURBITS. 


Several other cucurbits were specially grown (1908) to be 
used in pathogeneity tests. Young potato-agar cultures were 
used as sources of the fungous mycelium. The stems of the 
plants were wounded by tangential cuts and the mycelium was 
placed under the sliver. About half of the inoculations were 
covered with grafting wax and the others were left without: 
protection. (Both methods were effective to about the same 
degree.) In most cases but one set of inoculations was made- 
before bacterial contamination of the stock cultures became 
evident, as shown by the inability of the fungous mycelium to 
parasitize Cucumis Melo. The following is a brief summary of 
the results : 

1. Cucumis sativus (Cucumber). Twelve inoculations were 
made as stated above. No visible effect was produced on the 
host and no fungous fruits were developed. 

. Cucumis Anguria (West Indian Gherkin). Ten inocula- 
Hai were made. The wounds healed normally and no fungous 
fruits resulted. 

3. Cucurbita maxima (Boston Marrow Squash). Eight in- 
oculations were made on the vines and six on the fruits. The 
wounds healed normally. However, some perithecia with spores 
and a few pycnidia appeared on the dead slivers of the vines, 
but the squash-fruits seemed neither affected by such inocula- 
tions, nor developed any fungous fructifications. 

4. Cucurbita Pepo (Pumpkin). There were eight inocula- 
tions made on the vines and seven on fruits, but no visible 
effects were produced on either, yet, a few of the dead slivers 
(resulting from the tangential cut preceding inoculation) on 
the vines developed typical perithecia with spores. No pyc- 
nidia could be found. 

5. Lagenaria vulgaris (Sugar Trough Gourd). Forty inocu- 
lations were made on fruits and vines, with no apparent affect 
upon the host, but a few fully developed perithecia with spores 
were found on two dead vine-slivers. 
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6. Luffa cylindrica (Dish-cloth Gourd). Hight inoculations 
were made on the vines and five on fruits. No effect resulted 
on the vine but a few immature or sterile fruiting bodies oc- 
cured on a dead vine-sliver. Portions of two gourd fruits 
were decayed and contained mature Diplodina pycnidia with 
spores. 

Though it is desirable to have these inoculations repeated, 
they are an indication that none of these cucurbits are normally 
susceptible.*? The fungus had no evident effect on any but 
Luffa cylindrica, though it was able to vegetate and fruit on 
some dead vine-slivers of other species. 

Development of perithecia on the vines of naturally immune 
cucurbits.—It is unusual to find the natural sequence of spore- — 
forms interrupted or to have one entirely omitted. Spores of 
the perfect and imperfect forms of a fungus generally follow 
each other in some definite order, whether the perfect form be 
an oospore, zygospore, teleutospore or ascospore. But at pres- 
ent, there are some well known exceptions in each of the above 
groups: some producing but one known type of spore. 

There has been some notable work done, on some members 
of the “oosporic group,” in artifically causing either type of 
spore to be produced by means of certain culture media and 
environmenti,** and on species of the “zygosporic group,” by 
showing them to be heterothalic and therefore requiring two 
sexually unlike individuals of a sprcies for the production of 
zy gospores.** | 

*? Some recent infection experiments by Dr. G. M. Reed give a compre- 
hensive grouping of cucurbits and other plantsin regard to their suscepti-’ 
bility to some parasitic fungi. Infection experiments with EHrysiphe 
cichoracearum DC. Bul. 250, Univ. of Wis. (Science Series Vol. 3, No. 8. pp. 
337-416), Madison, Wis. 

33 G. Klebs, Zur Physiologie der Fortpflanzung einiger Pilze, Jahrb. f. Wiss. 
Bot. 33: 513 (1899), and also 35: 80 (1900). G. Klebs, Willktirliche Ent- 
wickelungsdinderungen bei Planzen, Jena 1903. 

* A. F. Blakeslee, Zygospore formation a sexual process. Science N. 5S. 
19: 864-6 (1904) Lancaster, Pa. Sexual reproduction in the Mucorinee. 
Proc. Am, Acad. 40: 205-319 (1904), Boston, Mass. Zygospores and sexual 


starins in the common bread mould, Rhizopus nigricans, Science N. 8S. 24: 
118-122 (1906). 
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Whether the type of spores produced by the members of the 
teleutosporic and ascosporic groups may be controlled by either 
or both of the above methods is yet an open question. In case 
of the Mycospheerella-wilt fungus, on its normal hosts, the 
environment seems the important factor. The cortical tissues 
have been thoroughly permeated by the mycelium and killed 
when the pycnidia are produced; and generally these tissues 
are comparatively dry before the perithecia appear. Some of 
the latter conditions are found on the dead pumpkin-vine 
slivers, though others are absent. In this case it seems 
plausible to assume that conditions inhibiting further vegetative 
development of the fungus on diseased muskmelon vines, as 
well as the “adverse” environment of mycelium, introduced 
under a sliver of a pumpkin vine or similar host, tend to cause 
the production of the “perfect” spore-form. The dry condition of 
the substratum seems the important factor in the formation of 
the “ perfect ” spore-form. Lakon concludes that transpiration 
is the greatest single factor in causing the development of the 
fructification of Coprinus plicatilis, other factors being of im- 
portance only in so far as they accelerate transpiration. But 
in an Anhang to his paper he states that his fungus would not 
fruit on Vicia Faba—decoction agar though it did when stems 
of Vicia Faba were placed in agar-agar.*° 

Some of the above observations on immune cucurbits and the 
- pumpkin inoculations of 1907 (Plate XII) seem to indicate that 
certain conditions of environment may produce ascospores and 
be adverse to or check the formation of pycnidiospores. 


INOCULATION OF MUSKMELON AND WATERMELON. 


Mycelial inoculations.—About fifty inoculations were made 
in the field on each of both watermelon and muskmelon vines, 
which were large and vigorous. The mycelium, taken from a 
fresh potato-agar culture, was introduced under a vine-sliver 
which had been made by means of a tangential cut with a 
sterile scalpel. Half of the infections were covered with graft- 


% G. B. Lakon, Die Bedingungen der Fruchtkérperbildung bei Coprinus. 
Ann. Myc. 5: 155-176 (1907), Berlin. 
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ing wax and the others left uncovered. They were all effective 
except four of the covered ones on muskmelon. Both pycnidia 
and perithecia occurred on these inoculations. 

The stock cultures were retransferred to tubes of potato-agar. 
A few days later another, but smaller, set of inoculations was 
made. Only a few of the uncovered ones were effective and 
produced pycnidia. The cultures were found to be contami- 
nated with a bacillus, which after losing its motility developed 
great numbers of dumb-bell-shaped and globular, brownish in- 
volution forms. 

Ascosporic and pycnidiosporic inmoculations.—From freshly 
collected muskmelon vines (growing in the greenhouse) large 
quantities of pycnidiospores were obtained, suspended in steri- 
lized water, and transferred to the plants to be inoculated, by 
means of a sterile pipette. 

The vines from one muskmelon hill and one watermelon hill 
were inoculated. The uninjured nodes of each species were in- 
fected with spores. Every inoculated node was covered with 
wet, sterilized absorbent cotton. Equal numbers of similar in- 
oculations were made on both hosts, except that the nodes were 
punctured with a sterile forceps before the spores were trans- 
ferred to them. 

The cotton on all nodes was resaturated with sterile water 
one and a half hours after inoculation. The following morn- 
ing, fifteen hours after inoculation, sterile water was again 
applied. All but three of the cotton wads were still moist. 
Six hours later more water was added. 

Only one of the-forty inoculations became injurious and pro- 
duced fruits of the fungus: on a punctured node of muskmelon. 

Equal numbers of similar inoculations were made on other 
plants of the same hosts, using ascospores. The cotton was 
remoistened but once: three hours after inoculation. Neither 
the injured nor uninjured nodes were parasitized. The spore 
inoculations of 1907. (p. 278) no doubt were effective because 
they were put in direct contact with the inner host tissues and 
were provided with both moisture and nutritive matter under 
the protecting wax. ; 
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A probable reason why the disease has not been found in the 
fields of western New York.—The almost complete failure of 
these spore inoculations, in the field, suggests a reason why 
the parasite has not been observed in the fields of this 
vicinity. It seems that the very moist, warm environment of 
the greenhouse is essential for the infection and development of 
this fungus and that field conditions are preventive. 


REMARKS ON THE WoRK OF 1907-1908; PREVENTIVE MEASURES. 


As may be seen from this condensed summary of the work of 
1908, excepting some additions and extensions, it is only a 
repetition of that recorded for 1907. In general, there is no 
difference between the two seasons’ observations: the char- 
acters of the disease, as well as the two spore-forms of the 
fungus, were the same throughout. 

It seems probable that the spores of this fungus are not 
killed by exposing infested soil to weathering conditions of 
winter, nor by fumigation with hydrocyanic acid gas, and, 
that earlier planting of melons fails to prevent an attack. How- 
ever, it seems that this disease may readily be prevented in the 
greenhouse by spraying thoroughly with bordeaux mixture 
when the plants are about half grown (7. ¢., before the disease 
appears), and repeating often enough to keep them covered 
with the spray. An unsuccessful spraying experiment, on 
watermelons, is recorded by Mr. Chester,*® but the failure very 
probably was due to the fact that the disease had become evi- 
dent before the spray was applied— When the plants are 
sprayed with water the house should have good ventilation. 


CONCLUSIONS REGARDING THE NAMES OF THE 
FUNGUS 


From Chester’s characterization of the disease it appears pos- 
sible that he also had the fungus discussed in this bulletin, on 
the same vines on which he found his Phylosticta, though he 
mentions no fruits of it as occurring on the vines. Smith un- 
questionably had the Mycospherella-wilt fungus, but since 


% Del. Exp. Sta. 5th Ann. Rpt., p. 79. 
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it has not been found on the leaves (the fruiting bodies there- 
fore not occurring in spots), there is no reason to put the pyc- 
nidial form in Ascochyta. For these reasons it is retained in 
Diplodina. Smith having transferred the species name of 
Chester’s Phyllosticta to both spore-forms, it is used, though 
his description of the imperfect form must be discarded, and 
his characterization of the perithecial form is very general, scat- 
tered and incomplete. 


TECHNICAL DESCRIPTION OF THE MYCOSPHE- 
RELLA-WILT FUNGUS. 


Mycospherella citrullina (C. O. Sm.) Grossenbacher. 

Spherella citrullina C. O. Smith, Delaware Experiment Sta- 
tion Bulletin 70 (1905),. Newark, Del. 

The perithecia are roughish, dark-brown to black, depressed- 
globular to inverted-top-shaped, with, generally, papillate 
ostiola, simple, densely scattered, erumpent and finally almost 
superficial, 100-165 pw, The asci are cylindrical to clavate- — 
cylindrical, aparaphysate, sessile to subsessile, 45-58 x 7-10 yp, 
Spores, mostly uniseriate, two-celled, hyaline, oblong-fusoid to 
fusoid, with one or both cells bluntly ovoid and therefore 
constricted at the septum (distal celi often larger) or not con- 
stricted. . 

On the vines of Cucumis Melo and probably Citrullus vul- 
garis, 

Diplodina citrullina (C. O. Sm.) Grossenbacher. 

Ascochyta citrullina ©. O. Smith, Delaware Experiment Sta- 
tion Bulletin 70 (1905), Newark, Del. 

The pycnidia are slightly depressed-globular, with pore-like 
ostiola, and of light-brown to dark-brown color; subepidermal 
to cortical erumpent and simple, 100-165 -. Spores, hyaline, 
two-celled, more or less cylindrical, with rounded or tapering 
ends. They may or may not be straight or constricted at the 
septa, 10-18 x 3-5 pz. 

On the vines of Cucumis Melo and probably Citrullus vul- 
garis. 


New YorK AGRICULTURAL EXPERIMENT STATION. 285 


APPENDIX. 


THE IMPLICATED MYCOSPH HRELLA (LASTADIA) CUCURBITACEARUM 
(SCHW.) ? CKE. 


The confusion wrought by Mr. Smith’s last paragraph (p. 259 
of this discussion) brings out some things of interest. Though 
the fungus or fungi involved seem not to be the same as the 
parasite discussed in this article, it is thought advisable to 
make an attempt at clearing up the difficulty. He has simply 
condensed the complications, to be found in Saccardo’s Sylloge 
Fungorum and similar publications, regarding Spheria Cucur- 
bitacearum Fries and like named species found or described 
by others. The original specimens not being accessible, it be- 
comes necessary to use only the published references of the 
names involved and therefore only suggestive conclusions may 
be given. Thanks are here expressed to Dr. E. J. Durand for 
suggestions regarding the reference ‘‘ No. 1699 in Schw. Syn. 
N. Am. Fungi,” to Prof. G. F. Atkinson for lending a specimen 
of Roumeguere’s, labeled Lestadia Cucurbitacearum (Schw.) 
Sac., for examination, and also to the Director of the Royal 
Botanic Gardens, for a statement regarding specimens in the 
Kew Herbarium. 

Spheria Cucurbitacearum Fries published 1882, in Systema 
Mycologicum, II, p. 502, seems to be the original species; later 
de Schweinitz found what he took to be the same fungus and 
published it under that name as No. 1699 in his Synopsis of N. 
Am. Fungi (1831), referring it to Fries, though he fails to give 
the correct reference in Systema Mycologicum. 

In an article,** appearing March 1883, “On Spheerella and 
its Allies,” Dr. M. C. Cooke describes, among others, “ Sphe- 
rella (Lastadia) Cucurbitacearum (Schwein. No. 1699) ; 
Spheria cucurbitacearum Fr. Sys. Mye. II. 502.” The article 
purports to contain additions and corrections to Volume I of 


7 Journ, Bot. 21:71, also copied in Hedw. 22: 137. 


PR6 REpoRT OF THE BOTANICAL DEPARTMENT OF THE 


Saceardo’s Sylloge Fungorum. This species is an addition; 
it seems to be an enlargement of Fries’s description, with the 
addition of ascus and spore characters. In a note he says: 
“The sporidia are not mature, but the endochrome is divided, 
-and there is every probability that they are uniseptate when 
mature; in fact, in some instances they appear to be so now; 
but this cannot be affirmed positively, although a figure beside 
the specimens in Herb. Berk. represent the sporidia as unisep- 
tale. : 

It seems probable that the specimens used for this description 
come from or were collected by de Schweinitz and that they 
had asci and spores which Cooke describes. No doubt this is 
the point of departure or origin of the ascosporic species from 
Fries’s Phoma-like fungus. Cooke evidently supposed his to be 
the same as that of Fries, though, of course, the latter makes no 
mention of asci and spores. However, it is possible that one is 
an imperfect form of the other; such an assumption may not be 
made till they have been definitely connected either from fresh 
material or from authentic specimens in herbaria. The former 
method seems possible though the latter is unlikely because 
most of those old type specimens seem unreliable. Ellis*® gives 
a note on this species saying: “ The specimen in Herb. Schw. 
is without fruit; immature or sterile.’ The Director of the 
Royal Gardens, Kew, writes “ that Spherella Cucurbitacearum 
Schwein. No. 1699 has not been found in the Kew Herbarium. 
A copy of the label of the only Schweinitz specimen of this 
species is given below. The specimen was originally in Berk- 
ley’s Herbarium and there is a drawing at the side showing 
the aseptate spores ‘S (subtecte) Cucurbitacearum F, 452 
Herb. Schwein.!’” A specimen of Lestadia Cucurbitacearum 
(Schw.) Sace. by Roumegeure was examined and found not 
only sterile, but without even an indication of fruiting bodies. 

Thus two seemingly distinct things are called Spheria Cu- 
curbitacearum, in later publications, without clearly intimating 
that such complications exist. Saccardo, on page XXXIII of 


38 North American Pyrenomycétes 264, Newfield, N. J. 
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the addenda to Vol. I., in his Sylloge Fangorum Vol. II (June 
1883), gives Cooke’s description in full under the name “ Les- 
tadia Cucurbitacearum (Schw.) Sace.; Spheria Cucurbita- 
cearum Schw. in Fr. Syst. Mye. II., 502; ” and, in Sylloge Fun- 
gorum Vol. IX (1891), page 580, the species is repeated as 
“ Lestadia .Cucurbitacearum (Schw.) Sacec.; Spherella Cu- 
cucurbitacecrum Schw., in Fr. Syst. Myc., II, 502,” with no 
changes except in the synonym. Ellis, in Ellis and Everhart’s 
N. Am. Pyr., page 264, practically translates Cooke’s description 
except “Gregaria,” but names it Lestadia Cucurbitacearum 
(Schw.) and gives Spheria Cucurbitacearum Schw., Sphe- 
rella Cucurbitacearum Cke., and Lestadia Cucurbitacearum 
Sacc., aS synonyms. Of course, it is possible that both Ellis 
and Saccardo gave their descriptions partially from herbarium 
material though that supposition may be incorrect as regards 
Ellis, judging from his note quoted on the opposite page. 

On the other hand, in Sylloge Fungorum Vol. III, page 148, 
Saccardo gives an exact transcription of Spheria Cucurbita- 
cearum Fries (Syst. Myc., Il, p. 502), with the addition of 
spore length, under Phoma Cucurbitacearum (Fr.) Sacec. Al- 
lescher expresses the same view in Rabenhorst’s Kryptogamen 
—Flora.Vol. I, part 6, page 284. 

Now, from this brief view of the complications it seems prob- 
able that Lestadia Cucurbitacearum (Schw.) Sacc. and Les- 
tadia Cucurbitacearum (Schw.) Ellis and Ey.(?), are Sphe- 
rella (Lestadia) Cucurbitacearum (Schwein. No. 1699) of 
Cooke, and that the confusion has arisen because neither Sac- 
cardo nor Ellis properly credited Cooke with the description 
he gave. 


CROWN-ROT, ARSENICAL POISONING AND 
WINTER-INJURY* 


J. G. GROSSENBACHER. 


SUMMARY. 


Crown-rot has been attributed to parasitic organisms, to 
arsenical poisoning and also to low temperatures. From the 
available literature reviewed in this bulletin and from recent 
observations (though there are many contradictions) there. 
seems little doubt about its being due to low temperatures, 
primarily. But the relation of the main secondary factors, 
such as the type of soil, soil moisture, stock-scion relations, 
and wood-maturity, to each other and to the primary cause, 
need investigation; and as a consequence proper preventive 
measures, based upon general principles, cannot be formu- 
lated, but long expensive tests must be made to determine 


these matters. 


*A reprint of Technical Bulletin No. 12. 
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INTRODUCTION. 


The name.— As stated by von Schrenk, in a short note on a 
fungus root-rot of apple trees, the term root-rot is too broad 
and probably includes several distinct diseases, some of which 
may be caused by parasitic organisms, others by adverse en- 
‘vironment and some probably by both. Only a detailed study 
of the factors concerned in causing this group of troubles will 
permit a diagnostic arrangement of the separate diseases. The 
term Crown-rot or Collar-rot is possibly rather indefinite too, 
for it also includes a rotting of the upper roots and sometimes 
partial decortication of the trunks. Though this may be only 
a group name, it is used here (till some more accurate term 
can be found in the action of the primary cause) to designate 
fruit-tree injuries which usually begin at the collar, near the 
ground line and frequently at the uppermost roots, and extend 
irregularly both up and down, browning and killing bark and 
wood. (See plates XITI-XV1.) 

The causes.— From a brief review of available literature of 
root-rots, crown-rots and other winter-injuries, as well as my 
recent observations, it seems that this disease is perhaps pri- 
marily due to adverse meteorologic and soil conditions, though 
another factor has been advanced as the primary cause of a 
disease of this type. It seems improbable that it may be 
caused by parasitic organisms, yet they are possibly factors in 
the later stages of the malady; after the normal functions of 
the trees have been sufficiently disturbed and some of their 
tissues killed. Opinions expressed in print seem mostly to 
agree as to the principal causes, but differ somewhat regarding 
the details of their operation. The relations of the significant 
factors are variously stated and possibly some of the important 
ones are still overlooked. 

The problem.— Injuries of underground parts are not as 
easily studied as diseases of aerial structures, and then too, 
several only partially known factors may be involved in crown- 
rot. How is the stock, upon which the variety is grafted, 

10 
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related to this disease and what are the anatomic and physio- 
logic relations of stock and scion to each other: are they com- 
patible? Also, what relation to the destruction of the cortex 
and the final dying of the wood to the center of the tree, have 
the fungi often found present on the roots, crowns, trunks and 
branches of affected trees? May low temperature induce in- 
jurious enzyme-action ? 

Preventive measures.— The prophylactic measures advised in 
the main agree, but in some respects they are diametrically 
opposed. The disagreements are not to be wondered at, since 
but little work has been done in an endeavor to ascertain the 
causes under definitely controlled conditions and but little 
more upon preventive measures. The best methods of orchard 
management and the stock-scion relation required for par- 
ticular regions to reduce frost-injuries to a minimum, need yet 
to be determined, though some progress has been made in that 
direction. 


REVIEW OF LITERATURE ON FROST-INJURY TO 
FRUIT TREES. 
FROST-INJURY MOSTLY TO CROWN AND ROOTS. 

The earliest available reference on this type of frost-injury, 
in this country, is by T. J. Burrill4 The most important ideas 
in this article bearing on the question may be very briefly 
stated. If late growth occurs, as may be caused by a moist, 
warm autumn, following a drought, a severe winter will injure 
the trees mechanically by freezing the relatively large quan- 
tities of water in the cambial region. It is said that ice 
formation in the cambial region, “ together with the consequent 
shrinking of the tissues, * * * pushes off the bark.” It 
seems that the crown injury observed by Burrill occurred most 
often on the sunny side of trees. The injury was first noticed 
on account of the early yellowing of leaves in autumn. 

It is thought that cultivation and good drainage to secure a 


*Climatal destruction of orchard trees. Thirteenth Ann, Rpt, Univ, Il, 
pp. 283-93. 1886, 
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deep root-system, and mulching are good preventives. Ben 
Davis grafted on a hardy variety is said always to have re- 
mained healthy “while root-grafted trees perished.” 

A. D. Selby’ discusses a severe case of winter-injury of an 
8 or 10-year-old orchard of Baldwins, and with less injury to 
Grimes. <A separation of bark occurred at the crown of the 
trees, but mostly on the south or southwest sides. Burrill’s 
explanations and recommendations are given as preventives, 
with the additional advice of avoiding late cuitivation. In 
Bulletin 121 of the same station he gives further observations 
stating that Grimes, King and some other varieties were se- 
verely affected. The injuries seemed to occur on any or all 
sides of trees, but mostly on the south and southwest. It is 
implied that fungi may be the cause. 

Stewart, Rolfs and Hall® record a case of King disease or 
Crown-rot, and attribute it to winter-injury. A row of Bald- 
wins near the center of an orchard was much affected. Various 
sized areas of bare wood occurred at the base of trunks. The 
bark was said to have loosened two years previous and normal 
callus ridges bounded the wounds. In a few cases only narrow 
strips of living bark bridged the girdled crown. 

What, no doubt, is the same disease, is reported in the same 
bulletin, on apricots. In one orchard where gaps, which had 
been caused by a collar-rot, had been filled with trees on 
various stocks without success, the injury seemed to begin at 
the union (just under the ground), above which a dead girdle 
of cortex several inches wide was produced, and often ended in 
a sharp line at the living stock. It is stated that the disease 
was possibly “ brought about by the combined effect of uncon- 
genial soil, uncongenial climate and imperfect union.” Two 
other orchards were found to have affected apricot trees with 
dead areas of bark from the ground upward, much like a case 


* Some diseases of orchard and garden fruits. Ohio Agrl. Expt. Sta, Bul, 
79, pp. 135-6.' 1897. Bul. 121. A condensed handbook of the diseases of 
cultivated plants in Ohio, 1900. 

‘A fruit-disease survey of Western New York in 1900. N. Y. Agrl. Expt. 
Stat. Bul. 191, pp. 302-3. 1900. 
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described in an earlier bulletin* of the same station. A Cyto- 
spora was found on the dead bark and considered a parasite. 

To show that the earliest observations on winter-killing of 
apple-tree roots are ancient, J. Craig® quotes instances from 
horticultural society reports of Minnesota, Iowa and Wiscon- 
sin dating back to the early seventies. In these reports it is 
held that bare ground during severe winters permits root-in- 
jury and that mulching is a preventive. Craig observed that 
the basal portions of the upper roots, even of old trees, were 
severely injured during the winter of 1898-9. The region of 
greatest injury was found on the stock (near the ground line) 
from the base of the scion downward even to the depth of 10 to > 
12 inches; below this injured girdle the roots were unaffected. 
Slight injury is said to have been shown by the discolored cam- 
bium and severer effect by the disorganization of the inner bark. 
Seedling roots were more often injured than scion roots on 
root-grafted trees. In fact it seemed that the trees escaping 
destruction were generally found to be dependent on a scion 
root system, though surface protection is thought to be the 
more important factor. Trees 5-15 years old were least in- 
jured and orchards on south slopes or on loam soils were less 
affected than those on north slopes or sandy soil. It is stated 
that fruit growers are agreed that severe, long, cold periods 
and unprotected ground are the primary causes of root injury, 
but that they differ as to the relation the amount of soil-mois- 
ture has to this injury. Some hold that a dry soil is conducive 
to winter-killing of roots and others that a wet autumn pre- 
ceded by a drought is the decisive factor when followed by a 
severe winter. According to the latter theory, which is thought 
plausible, freezing of the excessive water in the roots causes 
mechanical injury to the tissues. 

Ben Davis is considered less hardy than Pointed Pipka, but 
varietal hardiness is said to be unable to prevent injury when 
the ground is bare and the temperature very low. The hardi- 


‘N. Y. Agrl. Expt. Sta. Bul. 167, p. 286. 1899. 
*> Observations and suggestions on the root-killing of fruit trees. Iowa 
Agr]. Expt. Sta. Bul. 44. 1900. 
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ness of the scion seemed not always indicative of a hardy 
stock. The least affected varieties arranged according to their 
decreasing hardiness are said to be Siberian crabs, native crabs, 
Hibernal types of Russian apples, varieties of western origin, 
such as Northwestern, Patten Greening and varieties like 
Wealthy, Duchess and Tetofsky. 

In localities of severest cold and least snow covering, the 
trees in neglected, weedy nurseries were least injured, though 
varietal hardiness, deep planting and the extent of the scion 
root-system seemed also decisive factors. Banking and heading 
back are advised for injured nursery stock to induce the de- 
velopment of scion roots. The commercial apple stocks are 
thought to be unsatisfactory; a hardy seedling stock should be 
secured. 

For orchards already planted, deep plowing in the spring 
followed by shallow cultivation till mid-summer, is advised, 
thus inducing early growth and the consequent early ripening 
of the wood as well as to conserve soil moisture. A good 
cover-crop, such as clover or vetch, is thought highly impor- 
tant to prevent frost-injury of the roots.—To prevent injury to 
trees to be planted, it is suggested to plant unusually deep, 
especially on well drained soils, not filling the holes com- 
pletely but allowing subsequent cultivation to fill them. The 
final conclusions are that a lack of a snow-covering and low 
temperature combined are the chief causes of root-rot in 
nursery and orchard trees and that most injury occurred on 
clean-cultivated dry knolls with northern exposure. Cover- 
crops and deep planting are thought of paramount importance. 

Aven Nelson® suggests that since winter-killing is more 
common in Wyoming than in other States having equally low 
temperature, desiccation is the principal cause. High, dry 
winds and low barometer are given as the causes of desicca- 
tion. Late irrigation and mulching with straw, leaves or 
manure are advised. 3 


* The winter-killing of trees and shrubs. Wyo. Agr]. Expt. Sta, Bul, 15. 
1893. 
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Some rather suggestive results along that line were obtained 
by R. A. Emerson’ from an experiment designed to indicate 
the relation of different percentages of soil moisture and 
mulching to winter-injury of roots. One-year-old apple and 
two-year-old cherry seedlings were planted in boxes of loam 
soil of various degrees of moisture. Some of the boxes were 
put out on open ground and one into a cool, dry cave. In 
the open some boxes were mulched and others left exposed. 
The experiment was begun in December and ended in February. 

None of the cherry roots seemed injured severely enough to 
prevent further growth, while many of the apple roots were 
much damaged. The dead, brown cortical regions from the 
surface of the ground down one to seven inches, observed on a 
number of these trees, have a suggestive resemblance to Crown- 
rot. It seems that similar injuries were found on other young 
trees which were not in the experiment. The tops of these 
root-injured trees were generally unaffected. The apple seed- 
lings in unmulched soil with 10.4 per ct. soil moisture were 
injured decidedly more than those in boxes with 25.6 per ct. 
of moisture content. Straw mulch seemed to lessen liability to 
frost-injury due to low moisture content of the soils “ Just 
why severe freezing should injure roots worse in rather dry 
than in moist soil is not shown by the test reported above. On 
further investigation it may be found that roots are simply 
unable to withstand severe freezing or to recover from it 
unless surrounded by an abundance of moisture. Be this as it 
may, it is quite probable that one cause of the great injury 
in rather dry soil is alternate freezing and thawing.” Emer- 
son thinks that piece-root grafting of hardy varieties (making 
own-rooted trees) is advisable and also that budded trees 
should be planted deep, Cultivation and cover-crops are rec- 
ommended. 

More recently, he published® some observations on the rela- 
tion of a tree’s wood-maturity and its resistance to cold. It 


™ Experiments in orchard culture. Nebr. Agrl. Expt. Sta. Bul. 79, pp. 
26-32. 1903. 
* Nineteenth Ann. Rpt. Nebr. Agr]. Expt. Stat., pp. 101-10. 1906. 
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is concluded that the relative maturity of tissues, rather than 
constiutional hardiness, determines the resistance to low tem- 
perature. But it is admitted that with some plants immunity 
is a constitutional matter. It is therefore important that sorts 
be used which mature early. Planting on high ground and 
using a cover crop may induce earliness. 

W. Paddock® has also published some observations on a case 
of apple tree root-rot. It is thought that the weakening of trees 
by such agencies as excessive irrigation, winter freezing and 
woolly aphis enable root-rotting fungi to injure and decay 
roots. Cultivation, cover crops and less irrigation are recom- 
mended. 

Some interesting observations on winter-injury are recorded 
by G. P. Clinton’ in the Connecticut Experiment Station 
Reports. In the Report of 1908 good examples of Crown-rot 
as well as other types of winter-injury are described.— The 
mild fall of 1902 was followed by zero (F.) weather on De- 
cember 9. In nurseries or young orchards receiving late culti- 
vation, the injury was mostly to the wood, the cortex remaining: 
unharmed. Several injured, transplanted trees died during . 
the following spring or summer, but when left in the nursery, 
cut back and banked, they were often saved. 

Orchard trees four to eight years old generally developed 
dead areas in the bark, usually at the base of the tree and 
most commonly on the north side. In some cases the crown 
was completely girdled. Even much injured trees leaved out 
normally in the spring, but in July the leaves began to drop. 
Though a fungus was found in the canker-like spots, it was 
considered secondary. 

In the next report, the injuries caused by the severe winter 
of 1903-04 are described. The affected trees became evident 
again during the summer in young orchards and nurseries by 
severe injury to the wood down to the snow line or ground. 


°Colo. Agr]. Expt. Sta. Bul. 69, pp. 4-6. 1902. : 
Conn. Agrl. Expt. Sta. Ann. Rpts. 1903, pp. 303-4; 1904, pp. 312-13; 
1906, pp. 310-11; 1908, pp. 879-90. 
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Cutting back and cultivation seemed to help them. As pre- 
viously reported, the injury to bearing orchards was confined 
to the bark, mostly at the crown, younger trees sometimes 
being girdled and shedding many leaves during the summer. 
It is advised to remove the dead bark and paint over to prevent 
rot. It is thought that high, exposed hillsides are preferable to 
lowlands for orchards, more injury occurring on the latter. 
Late cultivation and excessive fertilization should be avoided. 

In the Report of 1906 he gives observations on some typical 
apple-tree cankers which were studied in longitudinal and 
cross sections. ‘The cankered areas occurred on the sides 
most injured, and apparently the canker fungus largely got a 
start here through the smaller twigs that had been entirely 
winter killed.” 

A thoughtful discussion of the “ chestnut bark disease” is 
printed in his Report for 1908, in which a number of weighty 
reasons are given to show that Diaporthe (Valsonectria) para- 
sitica is not the primary cause of the chestnut tree disease of 
part of the Atlantic slope, but that winter-injury is responsible. 

Another brief but significant note on Crown-rot was pub- 
lished by O. B. Whipple, in which two types of root rot are 
reported, one showing no preference for varieties and rotting 
only underground parts, the other affecting only the Ben Davis 
and Gano, but injuring both trunk and roots. The second 
type is said to be very destructive; the bark-turns brown and 
the yellowing leaves drop early. The disease is thought ‘to be 
infectious because Ben Davis trees, which were situated so as 
to receive drainage water from affected ones, were also found 
injured. However, the suggestion is made that “ Ben Davis 
and Gano are very tender as regards the application or arseni- 
cal sprays * * * arsenic collecting about the crown of the 
tree and killing the bark.” 

W. T. Macoun!? gives an extended discussion of frost injury, 
stating also that many trees were root-killed and crotch-injured 








Colo. Agri. Expt. Sta. Bul, 118. - 1907, 
12 Canad. Exptl. Farms Ann. Rept. 1908, pp. 110-16. 
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during the winter of 1895-96 on the farm at Ottawa. Very 
little snow fell during the winter and no cover crop was used. 
Macoun thinks that sod may protect roots when there is enough 
moisture in the soil, but since sod soil is often too dry, it is 
thought best to cultivate to conserve the moisture and then use 
a mulch or cover crop.— No winter-killing of roots has been 
observed since 1896, which is thought to be primarily due to 
the use of Crab, Martha and Transcendent seedlings as stocks, 
though it is conceded that the use of cover crops may also be 
an important factor. 


FROST-INJURY MOSTLY TO ABRIAL PARTS, 


Winter-injury to aerial parts of fruit trees frequently occurs 
when the roots and crown are but little affected. However, 
since the effect on the wood tissue is very similar to that often 
accompanying Crown-rot, it may not be amiss to include a 
few cases in this review 

L. R. Taft!® published a discussion of “ Frozen Trees and 
Their Treatment,” in which it is said that many trees were 
injured or killed in Michigan during the very severe winter 
of 1898-9. The injury was generally manifest by the browning 
of the wood and bark, though sometimes only the former. 
When only the wood was discolored it is thought that the 
trees might produce several crops, if properly treated, but 
when the bark has become loosened to a considerable extent, 
their death seems likely to follow. In case of peach trees 
under four years, which had been severely injured above the 
snow line, it is advised to cut them back and train sprouts 
from the stubs, but when only the branches are affected, they 
should be headed back. When the trunks and branches of 
bearing trees are much injured, they should also be headed 
back to “four or five arms” so that the sap would not need 
to pass so far through injured wood. The less severe cases of 
bark loosening may also be overcome by cutting away the 
loose bark and covering with grafting wax. Cultivation, fer- 


#8 Mich. Agrl. Expt. Sta. Spl. Bul. 11. 1899. 


298 REPoRT OF THE BOTANICAL DEPARTMENT OF THE 


tilization, pruning and spraying are advised as rejuvenating 
measures. 

“Winter killing of peach trees” is also discussed at some 
length by Green and Ballou.* Various factors are enumer- 
ated which were said to reduce the vitality of trees so as to 
make them more susceptible to winter injury. An instance is 
cited where an orchardist banked some of his trees with barn- 
yard manure and soil in the autumn preceding a severe winter. 
The unprotected trees in the same orchard “ died almost to a 
tree”? while the banked ones came through the winter unin- 
jured. The orchard was on very stony and dry land. 

A case of “ Fruit trees frozen in 1904” is recorded by M. B. 
Waite,” in a Bureau of Plant Industry bulletin. Peach 
orchards in low, flat regions were much injured. Trees most 
severely affected had the bark of their trunks completely killed 
and often separated from the much-browned wood. However, 
about half the trees in the affected orchards were less injured. 
In these cases the snow-line region of trunks had browned wood 
and sometimes loosened bark with living cambium and dead 
young wood cells just within it. The fruit buds were found 
more resistant than the young wood and the cambium and 
leaf buds more than any other part of the trees. Trees one to 
three years old were said to be less affected than bearing ones, 
though nursery trees were found killed to the snow line. It 
is advised that peach trees with the bark injured only near 
the snow line, even when partially loosened, be moderately 
pruned, well cultivated and fertilized to save them. 

Pear orchards are also severely affected, but a pear tree’s 
power of recovery is said to be slight compared to the peach; 
though the bark may seem but little injured, when the wood 
is browned the trees are thought to be unable to recover. It 
is suggested to cut them off at the snow line and grow sprouts 
from the stumps. 


“Ohio Agrl. Expt. Sta. Bul. 157. 
U.S. Dept. Agr., B. P. Ti Bul Slap, 1-10: 
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Later in the same year H. J. Eustace’® described some cases 
of “ Winter injury to fruit trees.” The injury caused by the 
winter of 1903-04 was said to be due to the early summer 
drought and heavy, late autumn rains of 1903 combined with 
fungus and insect injuries. The cambium layer is considered 
the part of trees first injured or killed, and dessication through 
freezing the primary cause. Though it was not seen externally 
that peach trees were injured, both bark and wood of trunks 
were browned, especially just above the snow line. It is said 
that some peach and pear trees, having much discolored bark 
and wood from the snow line up into the branches, made a 
very good growth during the summer and produced fruit the 
second season. The older peach trees were much more severely 
injured than the young ones and made a less rapid recovery. 
Trees in low places were often entirely ruined while those on 
some heights bore fruit. But varieties were found to differ in 
their resistance to cold. Four varieties in one orchard of 730 
trees had the following relative hardiness: Stevens Rareripe 
produced a fair crop; Bray, some fruit; Elberta, a few fruits; 
and Reeves Favorite, no fruit. The trees in a one-year-old 
orchard of Baldwins and Rhode Island Greenings were killed 
back to within three feet of the ground, while Ben Davis seemed 
uninjured.—A Kieffer pear orchard is cited where “the bark 
and wood were discolored black all through ” in March, but 
which produced a fair crop. Some much-injured, old pear and 
peach trees were severely cut back in April: practically all 
died, while those left unpruned came through better and those 
moderately pruned best. But cutting back seemed to help 
young trees. 

Selby’? gives extensive observations on a case of winter 
injury “to orchard trees and shrubby” in which mostly the 
aerial parts seemed to have been affected. The rather cool, yet 
weather during the early-summer of 1906, followed by the 

%*N. Y. Agri. Expt. Sta. Bul. 269. sf 
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ing. Ohio Agr]. Expt. Sta. Bul. 192. 1908. 
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unusually warm, moist late-ssummer and fall, resulted in 
much and very late growth of apple trees in both sod and 
cultivated orchards. No light frosts occurred to check growth 
and ripen the wood till the cold wave of October 10-12, with 
a minimum of 18° F., killed many trees to the ground or 
snow line and produced dead, brown areas on the bark of 
others, especially in orchards where the trees had been set less 
than five years. Though some injured or dead trees could 
be located in February, many severely affected ones showed no 
evidence of injury till midsummer, when their foilage became 
discolored, followed in many cases by death in late summer. 

On various parts of the most exposed sides of trunks, sunken, 
brown, canker-like areas appeared. But the injury could gen- 
erally be noticed first by the presence of a brown inner-bark. 
At times, when the surrounding bark had grown sufficiently 
in thickness, a more or less definite crevice appeared, sepa- 
rating the living and dead bark. 

In several orchards cited 80-100 per ct. of the young Baldwin 
trees were either killed or severely injured and Rome Beauty 
fared but little better, while Ben Davis, Gano, Northern Spy, 
Jonathan and perhaps Grimes proved more resistant. It is 
suggested that the hardiness of a variety depends upon its 
relative earliness of growth and ripening of its wood, and 
that susceptible varieties which are very desirable, be top- 
grafted on resistant sorts. | 

The indirect effects of the severe winter-injuries of 1906-07, 
it is thought, would be noticeable for several years, since dead 
areas in the bark hinder “sap flow” and afford entrance for 
wound fungi which may rot the trunk or roots. 

As may be expected, winter-injury to fruit trees has also 
been recorded in Maine, though for obvious reasons mostly to 
trunks and branches. W. J. Morse?’ says that in an orchard 
survey, after the very severe winter of 1906-07, it is shown 
that 11 per ct. of the trees in 950 orchards were either killed 
or injured. Baldwin and Ben Davis seemed most susceptible; 


* Maine Agrl. Expt. Sta. Bul. 164, pp. 12-21. 1907. 
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however, Northern Spy, Greening and others were also affected. 
Though many injured trees had dead areas of bark on their 
trunks and large branches, in the spring of 1907, the most 
striking effect in an orchard of 1200-1500 twelve-year-old, Ben 
Davis and Stark apple trees, was shown at the crotches. It 
seems that about 75 per ct. of them were affected more or less. 
The dead bark of the injured crotches seemed recently killed 
and due neither to bacteria nor fungi. It appears that in 
most cases in which trees were not killed, crotch-injury was 
very conspicuous. It is thought that the accumulated ice in 
the crotches is the cause of the injury or canker. 


REVIEW OF LITERATURE ON FUNGUS INJURY TO 
FRUIT TREES. 

Several fungi of the hymenomycetous group are found more 
or less constantly about injnred or decaying roots and crowns 
of forest and other trees many of which are still living. Pos- 
sibly a few of these are true parasites, though most of them 
probably only disintegrate non-living tissues of injured or dead 
trees. For some reason or other strict inoculation tests were 
generally deemed unnecessary to determine the pathogeneity 
of these fungi, the nearly constant presence of a fungus on 
injured or dead trees of one or more species having often been 
accepted as proof sufficient. Yet it may mean nothing more 
than that certain types of non-living tissues are suitable sub- 
strata for certain fungi. 

Other fungi are commonly found on areas of dead bark of 
cankers of the trunks and branches of trees. It is often diffi- 
cult to determine what killed the bark, especially when exam- 
ined in mid-summer or later. 


FUNGI ON THE ROOTS. 


An extensive article on root-rots of trees was published in 
1896 by F. Cavara.!® It is there held that many supposed 


* Contribuzioni allo studio del marciume delle radici e del deperimento 
delle piante lJegnose’in genere. Staz. Sper. Agrar. Ital., 29: 788-814. 
1896; reviewed in Ztschr. Pflanzenkrank., 7: 360-1. 1897. 
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saprophytic fungi cause the death of trees. The sporophores 
of the following species were found on the crowns and roots 
of forest trees which were evidently diseased or injured more 
or less: Tremellodon gelatinosum, Polyporus versicolar, Tri- 
choloma saponaceum, Micena epipterygia, Pholiota aurivella 
and Lycoperdon gemmatum. R. Aderhold*° also described 
“Eine Wurzelkrankheit junger Obstbaumchen.” About 5 per 
ct. of the apple and cherry trees died in certain nurseries 
during mid-summer. The browning of the cambial region was 
the first indication of injury. The mycelia of two fungi were 
found present on many injured roots, and that of one, on 
all affected ones. The fungus always found present Aderhold 
thought may possibly be Lusarium rhizogenum. Inoculation 
experiments were ttried with both fungi on apple and cherry 
roots but all were negative except one wound inoculation with 
Fusarium. In this case two small fibrous rootlets near the 
base of which the inocluation had been made, died and devel- 
oped the Fusarium mycelium, when placed in a moist cham- 
ber, though the inoculated root seemed to remain healthy. 
However, Fusarium was held to have caused the death of the 
nursery-tree roots. 

A very lengthy description of a root fungus is given by 
E. M. Wilcox.*! In the summary it is stated that “ The root- 
rot disease herein described is found in many of the orchards 
of the Southwest and is very common throughout many parts 
of Oklahoma.” 

A rhizomorphiec strand was found entering the cortex of a 
living Ben Davis tree through one of its dead roots. Cases 
are also said to have been seen where the fungus entered the 
crown first and then spread to the roots. But in many cases 
no mycelium was found “more than five or six inches above 
the crown.” 

“A root-rot of apple trees caused by Thelephora galactina 
Fr.” is discussed briefly by H. von Schrenk.” Three to six- 


20 Centbl. Bakt. u. Par., II, 6: 620-5. 1900. 

*t A rhizomorphic root-rot of fruit trees. Okla. Agr], Expt. Sta, Bul. 49. 
1904. 

2 Bot. Gaz., 34: 65. 1902. 
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year-old trees are said to die in various states of the Middle 
West as a result of the parasitism of this fungus, especially 
in orchards on recently cleared land. Trees with injured root 
systems become evident by their over-production of fruit. 

The fungus was transferred from oak roots to apple roots 
and is said to have proved deadly within the year. Further 
studies were promised but seem not to have appeared. At 
any rate, in Bulletin 149 of the Bureau of Plant Industry on 
‘“ Diseases of deciduous forest trees,” by von Schrenk and 
Spaulding, only brief mention is made of this fungus as caus- 
ing the death of oaks and getting on fruit trees in newly 
cleared land. 


FUNGI ON TRUNKS AND BRANCHES. 


Perhaps the best-known example of the fungi commonly 
found on dead bark or cankers of trunks and branches of apple 
trees in this region was described by W. Paddock.** This 
Spheropsis canker was found doing very much damage, es- 
pecially on Esopus Spitzenburg, Twenty Ounce, Baldwin, 
Wagener, Greening and King, while Tolman Sweet was found 
resistant. 

The affected trees are characterized by rough, enlarged re- 
gions on the larger branches and areas of dead bark on the 
trunks. Spheeropsis pycnidia appeared on most cankers, while 
on others the fungus is said to have died. Sometimes a branch 
having wilting or dying leaves is found to have a girdle of 
dead bark which is said to “ cut off the flow of sap.” However, 
it was shown by Paddock that Spheropsis mycelium pene- 
trates the wood but seldom. 

Spheropsis is said to infect trees in spring, becoming evi- 
dent as. areas of discolored bark which seem to spread till 
mid-summer and then produce pycnidia. Infection is supposed 
to occur at wounds and injuries of various kinds on trunks 
and branches. It was shown by numerous experiments that 
the fungus could produce cankers when introduced under liv- 
ing bark, but that it seems unable to do so when placed just 


— 


2 The New York apple-tree canker. N. Y. Agrl. Expt. Sta. Buls. 163 
(1899) and 185 (1900). 
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under the outer bark of a living tree. It appears, however, that 
in all but one instance of the 1898 inoculations Spheropsis 
failed to live over winter, since only one of the cankers in- 
creased the following summer. 

The devastation by Spheeropsis is said to have been con- 
siderable in the nineties. In one case the major part of a 
large, thrifty, well-tilled orchard was destroyed, while a short 
distance away an orchard on poor soil and kept in sod was 
but slightly affected ; though inoculation experiments indicated 
that vigorously growing nursery trees were less affected than 
unthrifty ones. 

It is advised to scrape the trunks and branches of trees and 
wash them with a soap, lime and wood-ash mixture. Cankers 
and cankered limbs should be cut out and all wounds covered 
with paint or grafting wax. 

A. B. Cordley,** of Oregon, also describes an apple-tree 
anthracnose. 

This Gloosporium is said to form cankers on the bark of 
branches mostly two to three inches in diameter, though larger 
limbs and the trunks are also affected. The first indications 
of the canker appear generally after the autumn rains as small, 
irregular brown areas on the bark, spreading slowly during 
winter and rapidly in spring, but ceasing in May. The pyc- 
nidia are produced from June to September on the brown, 
depressed areas, which are often limited by irregular fissures. 
The dead bark drops off in a few months, “ leaving a wound 
which requires several years to heal.” Occasionally a canker 
girdles and kills a branch. 

Thirty-six mycelial inocluations were made in the bark of 
short sections of small, live apple-tree branches, which were 
placed in the sand of a moist chamber. The characteristic dead 
areas appeared in three weeks. 

Another case of apple-tree canker was described by H. Has- 
selbring,”? and ascribed to a species of Nummularia. The 


7 Apple-tree anthracnose. Oreg. Sta. Bul. 60 (1900); and a more de- 
tailed account. ‘‘ Some observations on apple-tree anthrocnose,” Bot. Gaz., 
30: 48-58. 1900. 


New YorK AGRICULTURAL EXPERIMENT STATION. 305 


wounds usually occurred on large limbs near the trunk, from 
which they extended up and down. The dying bark of the 
canker spots was first of a dirty brown color, later becoming 
rough, charred and punctured by “grayish ochre” colored 
stromata of the fungus. It is thought that the mycelium ad- 
vances mere rapidly in the wood than in the bark because 
limbs “ examined at points several feet away from the can- 
kered spot” had “brown and discolored” heart-wood. A 
branch dies by the time or before it is girdled. It is consid- 
ered a wound parasite, which gains entrance through dead 
stubs, pruning wounds, etc. 

H. H. Whetzel*® attributes a common form of apple-tree 
canker to the fire-blight Bacillus. Blight canker is said to 
have occurred very commonly in the upper Hudson River Val- 
ley and other parts of New York State, on trees 8-15 years 
old. About 95 per ct. of such trees were more or less affected 
on their limbs and trunks by this canker, and many of them 
were dead or dying. Crotch-cankers were found on numerous 
young and old trees, but it was thought that young trees were 
more often killed than older ones. 

The beginnings of these cankers were more readily noticed 
on young, smooth-barked trees, as discolored, sunken areas 
with slightly raised or blistered margins, and sometimes ex- 
uding a sticky fluid largely composed of bacteria, but fungi 
were found present only some time after the death of the 
bark. The dead bark soon turned brown and later dropped 
off. Wet, cloudy weather is said to favor the spread or exten- 
sion of cankered regions and sunlight to check them. Most 
cankers were limited to but one season’s growth, though some 
were said to be perennial in their progress. 

It is suggested that the large-cankers at the bases of young 
trees and the disease on the crowns of King may also be due 
to the canker Bacillus. Collar-rot and crotch-cankers were 
thought to be the most destructive types of injury. 


* Til. Agr]. Expt. Sta. Bul. 70. 1902. 
*'The blight canker of apple trees. Cornell Univ. Agrl. Expt. Sta. Bul. 
236. 1906. 
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It was shown by inoculating Bacillus into the bark of apple 
trees that the typical cankers resulted, and also that twig 
blight could be produced by introducing the organism into the 
bark of pear and apple twigs. It is suggested that Bacillus 
cankers may be expected in any region where fire-blight of 
pear and apple is prevalent. 

Wolf River and Tolman Sweet appear to be resistant, while 
Baldwin and Ben Davis are very susceptible. 

Blighted water sprouts and short spurs, which had been 
infected with Bacillus through insect and other injuries, were 
said to have been the beginning points of many cankers of 
trunks and branches. Pruning and other wounds are consid- 
ered important places of infection. It is advised that cankers 
be cut out, disinfected with a corrosive sublimate or a copper 
sulphate solution and then painted over with some heavy lead 
paint; also that all dead twigs and water sprouts be pruned 
out, disinfecting and painting the wounds. 


REVIEW OF LITERATURE ON ARSENIC-INJURY TO 
FRUIT TREES. 

A rather interesting addition to the Crown-rot discussion 
is contributed by W. P. Headden* under the caption, “Ar- 
Senical poisoning of fruit trees.” Headden holds that the root 
and trunk injuries described by Whipple *® on Ben Davis and 
Gano are typical cases of arsenical poisoning (a possibility 
suggested by Whipple), and that Spitzenburg, Early Harvest, 
Wolf River, Lawver, Blacktwig, Baldwin, Jonathan, Grimes 
and Pewaukee are also affected. 

It is stated in the bulletin that the excessive application of 
arsenical sprays, as practiced in some sections of Colorado to 
combat the codling moth, and the consequent accumulation of 
arsenic under the trees are suflicient to injure or kill them. It 
was estimated that 0.9 pound of arsenate of lead, or 0.225 








7 Colo. Agrl. Expt, Sta. Bul. 131. 1908. 
7° Colo. Agrl. Expt. Sta. Bul. 118. 1907. 
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pound of arsenic acid is sprayed on each tree in one season. 
Soil near the bases of these trees taken from depths of 4-12 
inches yielded 25.5-61.3 parts of arsenic acid per million parts 
of soil. Most Colorado soils are said to contain from 0.2 to 1 
per ct. of alkalis (‘‘sodic carbonate, sodic sulphate and sodic 
chloride”), and Headden thinks that the accumulated insol- 
uble arsenic salts are converted to soluble compounds by the 
alkalis in sufficient quantities to cause the death of the trees. 

“ The crown of the tree is found to be girdled, the bark on 
portions of the trunk dead and sunken and most of the roots 
dead, their bark destroyed and the woody tissue discolored, 
usually a light shade of brown and sometimes exteriorly black- 
ened.” ‘“ The limbs and branches of trees affected in this 
way usually, but not invariably, present a case of ‘ black 
heart.’ ”’ 

Samples of wood were taken from 11 apple and 8 pear 
trees and all gave the arsenic test. From 1.25 to 12.77 parts 
of arsenic per million of wood tissue were found in the few 
cases in which quantitative determinations were made. To test 
the toxic properties of arsenic .05 to .56 gram portions of “ sodic 
arsenite” were added to the soil of herbaceous greenhouse 
plants “in two and a quarter to three-inch pots,” resulting in 
the death of all treated plants. A case is cited where some 
arsenite of soda was said to have been emptied into an irri- 
gating ditch twelve feet from an apple tree; two days after- 
ward one of its large ditch-ward branches appeared diseased. 
A dead, decorticated root was found to extend to the ditch 
while some other roots seemed normal. <A strip of bark on the 
trunk, between the affected root and branch, was found to be 
brown and dead. Thus it seemed that the arsenite of soda was 
absorbed by the tree, causing the death of both root, branch 
and intervening bark. The typical “black heart” of the af- 
fected trunk and branch was present. The root contained 34.5 
parts of arsenic acid per million parts of tissue. 

The solubility of lead arsenate was tried by suspending 1 
gm. in 2 |. of water and adding 2 gms. of Glauber’s salt. 
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After three days considerable arsenic had gone into solution. 
A repetition of the experiment, using 1 gm. of common salt, 
gave similar results. Lime arsenite was also found soluble to 
a high degree. It seemed therefore that the presence of lime 
sulphate in the soil would not prevent arsenic going into solu- 
tion. Though lead was found present in the injured trees 
lime arsenite is thought to have been the probable cause of the 
trouble. Both arsenic and lime were found present in exuded 
sap of injured trees and it is held that both had been injurious 
to the trees. 


SOME ORCHARDS STUDIED DURING THIS AUTUMN. 


Introduction.— Perhaps about half a dozen orchards were 
studied more or less during the present autumn to obtain some 
information regarding Crown-rot. Sod orchards were gener- 
ally found but little affected by either this trouble or by other 
cankers, while all cultivated orchards visited were considerably 
marked by Crown-rot scars, though often but slightly by ordi- 
nary cankers. Cultivated orchards on thin, stony land seem 
more injured than those on deep, rich soil and are decidedly 
less able to recover. On deep, rich soil one often finds old 
apple trees with Crown-rot wounds which are surrounded by 
8-14-year-old callus rolls. On thin, stony land all severely 
injured trees seem unable to recover, dying in a few months or 
years. Cankers or crown-injuries in any affected orchard seem 
to date back to some one or more seasons. Often 2 to 14 years 
appeared to elapse between the occurrence of injuries. 

Mushrooms, such as Pleurotus and others, were sometimes 
found about affected crowns and roots, and fungi like Cyto- 
spora and Spheropsis were common on canker-like upward 
extensions of Crown-rot. However, on the older, recovered 
trees having callus rolls around old injuries, bark fungi were 
absent. 

Sodus orchard.—An apple orchard of twelve to fourteen-year- 
old trees was visited near Sodus, N. Y., Oct. 2, and found 
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affected with Crown-rot. One section of this orchard consisted 
of 120 Ben Davis, another of 60 trees, 50 of which were Ben 
Davis. Only the Ben Davis were affected by the Crown-rot, 
though in another part of the orchard a few older trees of 
other varieties had old, callus-margined wounds about their 
crowns. The orchard is on rolling and somewhat thin, gravelly 
soil. The Ben Davis orchard was in sod until 1905, when it 
was planted in corn. On account of the cold, wet spring, 
cultivation was continued till August. The orchard was tilled 
from 1905 to 1908 and then allowed to develop a red-top sod. 
No spraying of any kind had been done. Nineteen of the 170 
Ben Davis trees were more or less visibly affected, six of which 
were practically killed and taken out, i. e., about 11 per ct. of 
the trees were injured or killed. 

The affected Ben Davis trees could generally be located by 
their yellowish foliage and sometimes by their wilting fruits. 
Such trees were found to have wounds at their crowns or 
about the upper end of the stock. The injuries often consisted 
of long, narrow, dead regions with more or less decayed bark, 
surrounded by thin, irregular callus ridges of about two or 
three years’ growth. Some trees had only one to three wounds 
around their crowns, ranging from one-half to three inches 
wide and from two to five inches long, while others were en- 
tirely girdled (as may be seen frem plates XV and XVI). In 
some instances portions of bark above the crown wounds seem 
to have died during this summer. The small wounds were 
usually about the upper angles of roots. In case of completely 
girdled trees all lateral roots in the girdle were dead and 
decorticated. One tree with a broad band of decaying cortex 
had a large lateral root near the surface of the ground, seem- 
ingly from the scion, which was partly living. (See Plate . 
XVI.) The roots below the girdles, about the terminal end of 
the stock, were usually still unaffected. 

Longitudinal and cross sections of the crowns of four se- 
verely affected trees differed much in appearance. Some had 
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living, natural-colored wood out to the cortex, while others had 
dead, discolored wood to various depths toward the center of 
the trees. Often a wedge-shaped, dead portion of wood, in- 
cluding a dead root, extended toward the center of a trunk, 
while the other wood was living throughout. Trees showing 
marked evidence of Crown-rot always had one or more such 
root-wood sectors of dead wood extending nearly to the center 
(as shown in Plate XVII). From cross-sections it seems that 
the trees had been injured after the growing season of 1905 
or 1906, though it was not certainly determined owing to 
indefinite growth rings. The injury seems to have occurred 
after the first cultivation of the orchard. 

The right-half of the stump shown in longitudinal section 
(Plate XVII) and a piece of another stump were sent to W. P. 
Headden, October 14, and he says they look like his arsenical 
poisoning cases and analysis showed that they contained 
arsenic. 

Coxsackie orchards.— Other cases of Crown-rot were studied 
in well-tilled orchards near Coxsackie, N. Y. The injury 
seemed also to have occurred about two or three years ago and 
had a similar effect upon the trees. Some two to eight-year-old 
Baldwins, Greenings and Ben Davis were severely affected; 
about 13 per ct. of the Baldwins and 10 per ct. of the others. 
The orchards are on rolling, gravelly land which had been 
thoroughly fertilized and cultivated, but the trees were never 
sprayed. They had been banked with soil in the falls of 1907 
and 1908. <A neighboring sod orchard of the same age, but 
-getting little care, had no evidence of the trouble; the trees 
were smaller but looked healthy. 

Geneva orchards.— One of the largest and probably the best, 
tilled orchard in the vicinity of Geneva, N. Y., consisting 
largely of Baldwin and Greening trees at least 45 years old, 
has over 6 per ct. of its trees affected with old Crown-rot scars. 
Various sized areas of bare wood, surrounded by about thir- 
teen-year-old callus rolls, are present on the crowns, especially 
on the higher, thinner land, while lower parts with deeper 
soil seem to have fewer scarred trees. However, all the old 
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scars seem to have originated during the same winter. On 
the higher, slightly gravelly knolls a few scarred trees were 
found with early yellowing foliage and decaying heart-wood. 
But in spite of these injuries and some gaps where trees had 
been removed, the orchard is probably the thriftiest and most 
productive in this region. It has been tilled about 15 years, 
but before that time it was pastured. It seems probable that 
the Crown-rot injuries occurred during the winter following 
cultivation, os in the Sodus case, but the good, deep soil with 
plenty of moisture enabled the trees to recover. 

A small and somewhat neglected sod orchard over thirty 
years old was found to have no gaps or replaced trees nor any 
visible crown or trunk injuries, though the soil and location 
seemed practically the same as in the neighboring orchard just 
described. It appears that but little spraying was done. 

Experiment Station orchards.2°—Though many of the most 
affected trees were taken out of the Experiment Station or- 
chards at different times, there are still about 3 per ct. of the 
older ones which have old Crown-rot scars. Some of the 
younger ones were evidently severely injured during recent 
years because the killed bark at their crowns has not yet en- 
tirely decayed, though the upper roots are devoid of cortex. 

The last stage of such a case is shown in a photo of a nine 
to eleven-year-old Ben Davis which had green bark from about 
one and a half feet above ground upward, though its leaves 
had all died and its fruits wilted. (Plates XIII and XIV.) 
The roots were not only decorticated, but dead throughout. 
The bark was still adhering to the dead, lower part of the 
trunk, though it was much roughened and cracked. Cytospora 
and Spheeropsis were present on the trunk canker. A _ longi- 
tudinal section about one and a half feet above the ground 
shows the transition from living to dead alburnum or sap-wood 
and bark, though the heart-wood was discolored and dead at 
least several feet above. This tree was probably injured during 


* Thanks are due M. J. Dorsey of the Horticultural Department of this 
Station, for looking up the records of some injured trees. 
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the winter of 1902-03, for its record shows that it had been 
marked in 1903 to be taken out. 

Cross-sections near the ground of a few of the older trees, 
taken out this autumn, may be seen from plates XVIII to XX. 
Several varieties are included. It is plainly evident from the 
blackened frost-line of some, that it was the youngest wood 
inside the cambium and not the cambium itself that was 
killed. As may be seen, wood-rotting fungi destroyed the 
woodcylinder inside the frost-line of some examples (plates 
XIX and XX), though others are unaffected (plate XVIII). 
Sporophores of a Pleurotus were found on the one having but 
three bridging regions of live alburnum and bark. In some in- 
stances frost-lines could not be seen in cross-sections four feet 
above the crown, while in others they were evident in sections 
of branches. It was difficult to determine the exact number of 
growth rings developed since the injury occurred, but it cer- 
tainly seems a safe estimate to say that it happened from 12 
to 14 years ago, and very probably the latter. The callus rolls 
are mostly normal, though they were evidently injured in some 
instances. A few of the upper roots of each of these trees 
were more or less rotted, yet fair crops of apples had been 
harvested from them in recent years. 

Crown-rot, like Bacillus blight, seems most prevalent in 
thrifty orchards. In two of the examples described, the winter- 
injury seems to have followed the first cultivation of sod or- 
chards, but there may have been other factors involved. 
However, there seems no doubt but that an unusually heavy 
succulent growth, which leads to late maturity of the young 
wood, is one of the main secondary factors concerned in the 
occurrence of both of these troubles. 

Portions of the crown, trunk and branches of a dying, 
Crown-rotted, Bottle Greening tree (which has been set nine 
vears) were sent W. P. Headden by F. C. Stewart. He re- 
ported, by letter, that arsenic is present in diminishing 
quantities from the crown upward. So it seems that, although 





PLATE XITI.— A CrRowN-ROTTED BEN Davis APPLE TREE. 


Tree had died a few days before it was photographed. Spheropsis and 
Cytospora were present on dead bark below 1 and 2. 








PLATE XIV.— SECTION oF TREE SHOWN ON PLATE XIII. 


illed up to 1 and 2 before its top wilted. 
indicated on Plate XIII.) 


(1 and 2 also 


Tree had been entirely k 
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PLATE XV.— A CROWN-ROTTED BEN Davis APPLE TREE. 


Tree completely girdled and all upper roots decorticated, but roots under center 
of tree still normal. 
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PLATE XVI.— A GirRDLED Ben DaAvIs TREE FROM SAME ORCHARD AS TREE 
IN PLATE XV. 


1, Normal but irregular callus-roll; 2, union of stock and scion (collar) ; 
3, partially green scion-root. 
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LATE XV IT LONGITUDINAL SECTION OF 
1, Shows thickness of eallus-roll; 


TRUNK IN Pirate XVI. 
2, discolored region of wood. 
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OF A KITTAGESKEE APPLE-TREE NEAR GROUND LINE. 


PLATE XVIII.— SEcrIo> 


Shows low-temperature injury that failed to develop Crown-rot, but left only a distinct 
frost-line. Diameter of tree, 11 inches. 
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PLATE XIX.— SECTIONS NEAR GROUND-LINE OF TWO CROWN-ROTTED TREES. 


Shows also, distinct frost-lines and heart-wood rot. A, Maiden ‘Blush, 
1l inches in diameter; B, Double Rose, 1314 inches in diameter. 
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SHOWING FROST- 


TREES, 


PLATE XX.—SECTIONS OF TWO CROWN-ROTTED 


LINES AND HEART-wooD Ror. 
A, Hubbardston, 14 inches in diameter; a Pleurotus was growing from 


decayed wood near the ground. B, Gideon Sweet, 16 inches in diameter. 
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Headden says,* “There is no resemblance between our cor- 
roded crowns and the King disease, known as Collar rot,” they 
are probably the same disease. 


CRITICAL SUMMARY OF THE PRIMARY CAUSES OF 
CROWN-ROT. 


There are, then, three distinctly different primary causes 
put forth by these various observers in accounting for Crown- 
rot — parasitic organisms, arsenical poisoning and low tem- 
peratures. 

PARASITIC ORGANISMS. 

Those holding to the idea that parasitic organisms are pri- 
marily responsible for this trouble base their conclusions 
largely upon circumstantial evidence. Nothing in the publica- 
tions by Cavara, Aderhold or Wilcox, referred to above, can 
be considered proof that the fungi discussed are other than 
Saprophytes, or at most wound parasites. Neither Cavara nor 
Wilcox records inoculation experiments. It seems probable 
that Wilcox’s “root-rot” is Crown-rot with the presence of 
his Clitocybe parasitica. Aderhold tried some infection ex- 
periments, but from them it is more logical to conclude that 
the fungus was very remotely, if at all, connected with the 
production of discoloration in the roots of his nursery trees. 

Although von Schrenk appears to have gotten some positive 
results with Thelephora galactina as a parasite of apple-tree 
roots, the indicated distribution and characteristics of the 
disease make it possible to assume that 7’. galactina is per- 
haps a wound parasite gaining entrance to the wood through 
frost or other injuries. The suggestion by Whetzel, that the 
“ fire-blight ” Bacillus may cause the King disease or Crown- 
rot, probably belongs in the same category. 


ARSENICAL POISONING. 
It stands to reason that, when arsenical sprays are applied 
to fruit trees for years, arsenic will accumulate in the soil 


*In a reply to Ball on “ Arsenical poisoning of fruit trees,” in the 
Journal of Economic Entomology, 2: 243. 1908, 
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beneath, but it remains to be shown that such arsenic, though 
it may become soluble in soils, injures or kills the trees. 
Neither the association of a wounded tree and some fungus 
nor an injured tree and arsenic are certain indications that 
either the fungus or arsenic has any causal relation to the 
injury of the tree. 

Headden has shown by a number of analyses that consid- 
erable quantities of arsenic are present in the soil under some 
sprayed fruit trees, that crown-injured trees contain arsenic, 
that lead arsenate is appreciably soluble in dilute salt solu- 
tions, that lime arsenite goes into solution in the presence of 
sulphate of lime and that potted herbaceous plants died after 
the application of from .05 to .5 gram, of “ sodic arsenite.’ But 
he has failed to show that arsenic is not present in uninjured, 
sprayed fruit-trees, whether the arsenic in the soil and trees 
is present as arsenates or arsenites, that arsenates or even 
arsenites are poisonous to fruit-trees when absorbed by their 
roots, if poisonous what amounts become injurious, how poison 
absorbed by tree roots can discolor or injure the heart-wood 
before discoloring the alburnum and cortex, and whether the 
arsenic was absorbed through the bark of the roots near the 
trunk or through the usual channels (root hairs) at the pe- 
riphery of the root system, some distance from the trunk. 

It cannot be taken for granted that the arsenic is present in 
the soil as an arsenite, nor that an arsenate is poisonous to 
fruit trees, for Pfeffer®® says “ Arsenious acid is extremely 
poisonous, whereas many, both of the higher and of the lower 
plants, can withstand large doses of arsenic acid and can 
accumulate large quantities of arsenic when supplied to them 
in this form,” while F. Czapek*! says that traces of arsenic 
are nearly always present in soils and may therefore be ab- 
sorbed by plant roots. Though it has been shown by Nobbe, 
Baessler and Will*? that some herbaceous plants and some 


* Pfeffer’s Physiology of Plants, 2nd revised ed., translated by A. J. 
Ewart, Vol. I, p. 438. 

* Biochemie der Pflanzen. Vol. II, pp. 862-63. 1905. 

* Untersuchung iiber die Giftwirkung des Arsens, Blei und Zink im 
pflanzlichen Organismus. Landw. Vers. Stat., 30: 381-423. 1884. 
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trees were injured or killed in culture solutions to which 
from 2.1 mgm. to 6.9 mgm. of potassium arsenite per liter had 
been added, there is some evidence to show that larger quan- 
tities of arsenic would not be injurious to those plants when 
administered to them as an arsenate; for W. Knop*®* says 
that .05 gm. of potassium arsenate added to one liter quan- 
tities of culture solutions would not hinder the normal growth 
and development of corn plants grown in them from the 10- 
to-15-leaf stage to maturity, nor would it kill Velcox or a 
mold. It hag also been determined by Hitchcock and Carle-: 
ton** that a 1-10 per ct. solution of sodium arsenite would 
not retard the germination of Puccinia coronata spores. 

E. W. Day) found arsenic in herbaceous plants and S. H. 
Collins*® grew both barley and tares in 10-inch pots to some 
of which had Leen added arsenious and to others arsenic acid, 
both at the rate of 11 Ibs. per acre. No injurious effects are 
recorded. “Averaging all the results the soil contained 30 
Ibs. of arsenic per acre, to the depth of eight inches, the grain 
contained 4 oz. per acre and the rest of the plants 114 oz. 
per acre. Some samples of soil, outside the experiment, taken 
to the depth of 8 inches, yielded 50 Ibs. of white arsenic per 
acre. It would seem, therefore, “ that soil may contain large 
amounts of arsenic without any suspicion of the fact; (2) 
barley grown on such goil may also contain large amounts of 
arsenic.” This certainly indicates that comparatively large 
quantities of arsenic in soils may be innocuous to plants. It 
was also shown by A. J. Kunkel®’ that arsenic is present in 
many rocks and waters. Though he failed to find it in animal 
tissues, he thinks it probable that his method is at fault, for 


°8 Ueber die Aufnahme verschiedener Substanzen durch die Pflanze, welche 
nicht zu den niihrstoffen gehéren. Abstracted in Bot, Centbl., 22: 35-36. 
1885. 

4 Germination of rust spores in fungicides. Kans. Agrl. Expt. Sta., Bul. 
38, pp. 8-9. 

® Absorption des Arsens durch Pflanzen. Jahresber. Agr. Chem., 3: 83- 
84. 1862. 

°° The absorption of arsenic by barley. Jour. Soc. Chem. Ind., 21: 221-2. 
1902. 

7 Beitriige zur Frage des sogenannten normalen Arseniks. Ztschr. 
physiol. Chem., 44: 511-20. 1905. 
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A. Gautier*® had previously shown that arsenic is normally 
present in animal bodies, especially in epidermal structures. 
His findings have also been verified from the biological stand- 
point by M. Segale,?® who determined the presence of arsenic 
in animal tissues by means of reactions induced by Penicil- 
lium brevicaule when transferred to autolized tissue. 

Now, in view of these citations and since Headden’s de- 
scriptions and plates so closely resemble the ordinary cases 
of Crown-rot, affecting trees alike in both sprayed and wn- 
sprayed orchards, and since some old orchards in this State 
(which have been sprayed with arsenic ever since spraying 
was invented) often have only Crown-rot scars dating back 
six to fourteen years, and look thrifty now, we either must 
conclude that we have two very similar diseases due to two 
different causes, or that there was an unwarranted conclu- 
sion drawn, regarding the relation of the arsenic found, to 
the injury of the trees. The latter seems more plausible, for 
herbaceous plants about the bases of the affected trees grow 
abundantly and normally. It would seem that high winds 
and low temperatures of Colorado may account for the crown 
and root-injured trees described by Headden, even though 
arsenic was found in them. 


LOW TEMPERATURES. 


The majority of writers on Crown-rot seem to agree that 
it is caused by low temperatures in connection with certain 
other factors. From the literature reviewed, it seems quite 
evident that a certain combination of factors causes injury 
mostly to underground parts, and that other combinations 
affect mainly the aerial parts. It appears likely that the 
time relation, of a severe cold period, to a certain vegetative 


* Arsenik kommt normaler Weise im thiersichen Organismus vor und 
ist besonders in den ektodermalen Organen localisirt. Ztschr. physiol. 
Chem., 36: 391-97. 1902. 

* Untersuchungen iiber das Vorhandensein von Arsen in den normalen 
Geweben vermittelst der biologischen Methode. Ztschr. physiol, Chem., 42: 
175-80. 1904. 
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stages of a tree, and the presence or absence of a ground coy- 
ering determine the place and severity of the effect. 

Why roots may be especially susceptible Sorauer® says 
the reason that the roots of many trees are killed during more 
or less severe winters, while the aérial parts are often unin- 
jured, is because of the difference in the relative maturity 
of root and branch tissues at the arrival of winter. Cambial 
activity begins first at the distal ends of twigs and, as con- 
ditions become more favorable, progresses down to the stem 
and roots. On the other hand, growth and development gener- 
ally continues much later in the roots than in the branches. 
Von Mohl is said to have found that cherry twigs had begun 
development in April while the root-wood cells of the previous 
season had not yet finished their development. Owing to these 
differences in tissue development of root and branch, the 
former is made up mainly of large cells, characteristic of 
spring wood. That character of root-wood cells, in addition 
to their immaturity at the approach of winter, is said to make 
roots more susceptible to injury than other parts. The leaves 
of root-injured trees, though developing normally in spring, 
are found to sudenly turn yellow in summer; often followed 
later by the death of the tree. In case the injury is confined 
largely to the aérial parts, it seems probable that either the 
roots were protected in some way, during the excessive cold 
period, or the low temperature came after the root-wood had 
matured sufficiently to be resistant. On the other hand, early, 
short cold-snaps may injure young shoots but fail to penetrate 
deeply enough to affect the roots or crown. The publications 
by Taft, Green and Ballou, Waite, Eustace, Selby (Bulletin 
192) and Morse, reviewed above, are of this type. 

Suggestive experimental evidence.— The observations and in- 
terpretations by Waite and by Morse come nearer the experi- 
mental results obtained by P. Sorauer*! than the others, though 





* Pflanzenkrankheiten. 3rd ed. Vol. 1, pp. 561-64. 1909. 
“ Experimentelle Studien iiber die mechanischen Wirkungen des Frostes 
bei Obst- und Waldbiumen. Landw. Jahrb., 35: 469-525. 1906. 
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Morse’s explanations of the cause of crotch-injury violate 
certain physical laws. 

To obtain definite information upon the question of frost- 
injury, young fruit and forest trees were subjected to induced 
low temperatures in a large double-walled cylinder, by Sorauer. 
On a potted sweet-cherry tree exposed in May to —7° C. over 
night, all except the youngest leaves were killed and browned. 
An odor of roasted cherry wood was noticeable during the 
first week after removal from the freezing apparatus. 

The fibro-vascular bundles, of the venation in older leaves, 
were often brown, while the intercostal regions were normally 
green. Hard-bast elements were the first to become browned, 
followed by the browning of the epidermis-cell contents. The 
smaller spiral vessels were browned before the larger ones. 

The most susceptible region on a trunk or limb was found 
to be at the points of origin of twigs or branches. A section 
through a branch at the origin-point of a spur or side-branch 
shows that the whole of the normally excessive cortical paren- 
chyma was browned and cleft at a number of places. The 
cambial zone had its cambium mostly uninjured, but both the 
young wood and bast cells on either side were browned. The 
wood cylinder, where it branches off from an axis, has its 
wood-cell bundles much separated by medullary rays which in 
the frozen tree had become browned, thus leaving only narrow 
ribbons of living wood sandwiched in between browned rays 
and the dead pith and cortex. The pith and wood cylinder 
of the avis were uninjured, though its rays near the spur had 
become browned. The small groups of primitive xylem cells 
in the outer parts of the pith were also browned. ‘The effect 
on the one-year-old parts of branches was decidedly different. 
The injury was generally more pronounced on one side than 
on the other, forming frost-blisters on the bark. The pith was 
split, leaving a hollow center surrounded by collapsed, browned 
cells, though the other pith cells seemed mostly uninjured. 
Separation always occurred at the middle-lamelle. 

A section through the transition region from the one-year- 
old to the spring growth revealed some interesting facts. The 
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wood cylinder is small and was found to be split at the thick 
medullary rays. The fibro-vascular bundles were completely 
surrounded by browned parenchyma and isolated from the 
uninjured cambium and but slightly browned bark. The pith 
was not affected. This state of things could be followed down 
into the year-old twig, where, however, the wood cylinder was 
not separated from the bark. 

Radial clefts in the wood and cortex are said to be caused 
by the tangential contraction of the twig’s tissues. Since the 
wood and cortex-parenchyma cells can distend but little, rup- 
tures occur at the middle-lamellze of the medullary rays. The 
Separated wood-ray cells were browned, but the bark-ray cells 
seemed uninjured and soon closed their clefts. The cambium 
cells, however, distend readily and were therefore generally 
found intact and unaffected. These observations are thought 
to show that differing tissue-tensions and not ice-formation 
are the causes of clefts and cracks. 

Sour-cherry trees given the same treatment were not affected 
in exactly the same way. Fewer and smaller clefts were 
formed, a stoppage of the vessels with gum seemed to occur. 
It is thought the excessive formation of gorged, imperfect 
cells in the greatly reduced growing regions of a much-injured 
tree may lead to a disorganizing gummosis of the abnormal 
tissues. 

The cleft formation occurs also in pear and apple branches 
when subjected to the freezing treatment. The same differ- 
ences were observed between the effect in the terminal and 
basal ends of branches as described for sweet cherry. To de- 
termine how far low-temperature injuries can extend down the 
wood of an externally unaffected twig, an apple-tree shoot, hay- 
ing a new spring growth of 4—6 cm., was subjected to —6° C. 
overnight. The spring wood was entirely killed and the wood 
cylinder of the one-year-old part as browned down 15 cm. The 
dormant buds were not killed but their spiral vessels were 
browned. Some of the branches of a five-year-old pear seed- 
ling were subjected to a temperature of —7° C. over night. 
Most of the leaves turned black, many having frost-blisters, 
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In the petioles the vascular bundles, the collenchyma celis and 
the inner cortex were browned. The branches were injured 
more on one side than on the others. The pith was white ex- 
cept Some scattered starch-bearing cells, which had browned 
contents. The bast cells of the cortex were unaffected, while 
the cells immediately surrounding them were much browned. 
Only a few small clefts were found between collenchyma and 
parenchyma cells. It seems, in fact, that when any clefts result 
they generally occur where different types of tissue join. 

The tension differences caused by low temperatures between 
two or more types of adjoining tissues are said to be the cause 
not only of cleft formation in the softer, young tissues but also 
of the splitting of large tree trunks. In case of young twigs, 
the bark contracts so much more than the wood cylinder that 
it may either crack open when the temperature is very low, 
or mechanically injure tissues in the cambial region, when the 
cold is less severe. The cortical-tissue cells are distended tan- 
gentially to a greater or less degree and owing to their imper- 
fect elasticity often remain at least partially distended after 
moderate temperatures return. The net result may have been 
sufficient to make the bark too large for the wood cylinder and 
result in tangential clefts, or at least to lessen the bark pres- 
sure enough to cause abnormal thickening at certain places, 
both of which may often be observed on frost-injured fruit 
trees. At a branching node or at the junction of two seasons’ 
growth on a twig, the same forces may result in the thickening 
of the medullary rays. 


OTHER POSSIBLE CONSEQUENCES OF FROST-INJURIES. 

The various cankers.—Frost-injuries seem, therefore, to 
occur most readily at crotches and other branching points of 
limbs and twigs, as has also been observed by Morse and 
others. In view of Sorauer’s observations on the effects of 
frost-injury, under control conditions, and the fact that the 
same varieties are reported susceptible to canker as are easily 
frost-injured and that cankers are usually said to spread 
during winter and early spring makes it appear plausible that 
Spheropsis, Numularia, Gleosporium, Cytospora and Bacillus 
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cankers of fruit trees may be at least partially if not wholly 
due to low temperatures. The fact that in some cases a large 
number of successful wound-inoculations were made does not 
preclude it, because that only argues for a wound-parasite. 
Probably some of these organisms can extend a canker wound, 
and to some extent determine its final characteristics, but it is 
certainly a striking fact that practically all such cankers 
attributed to parasitic organisms are located at frost-suscep- 
tible places and generally active but one year. It appears at 
least equally probable that such cankers are due to the death 
of certain tissues, as was shown by Sorauer. These canker 
organisms are confined largely to the bark, and yet it is often 
stated that girdled branches die from their activities. It may 
well be that a short girdle of bark removed from a healthy 
fruit-tree branch would not kill it, for R. Hartig* says that 
after removing six-foot girdles of cortex from fifteen -120-year- 
old Scotch pines, he found some still alive six years later; and 
on girdling 27 species of trees, F. F. R. Channer*? observed 
that five species died, ten others were much injured, while 
twelve species lived. At any rate, it seems plausible that a 
girdled apple-tree branch may die because of its frost-injured 
wood rather than on account of the organisms present in its 
dead girdle of bark. Finding discolored heart-wood at some 
distance from a canker on an apple-tree branch does not neces- 
sarily mean that the canker fungus discolored it, as inter- 
preted by Hasselbring, for it more likely signifies that the tree 
was winter-injured. 

Some cherry-tree diseases.—In referring again to the above 
review of Sorauer’s article, it is seen that the origin-point of 
branches and spurs of cherry are the first parts to be injured 
by low temperature and that in the sour cherry the lumina 
of the conducting vessels had become clogged with gum. In 





“Diseases of Trees. Translated by Sommerville and Ward. P. 249. 
1894. 

*% Indian Forester, 31: 376-8 (1905); abs. in Eapt. Sta. Record, 17: 
670. 1906. See also “ Effects of annular decortication on peaches” by 
F. Calzolari and Manaresi, Eap. Sta. Rec. 21: 439. 1909. 
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a later publication* he holds that the dying of cherry trees 
in the Rhine districts, so elaborately discussed by Frank and 
others and attributed to Valsa leucostoma, is primarily due to 
the above type of winter-injury. Sometimes many branches 
or even whole trees die. The bark and wood of the affected 
trees had the browned appearance typical of frost-injury. 
Anderhold and Wehmer are said to have shown that Valsa 
leucostoma is only a wound parasite and may only vegetate on 
much-weakened trees, and later Ltistner is said to have shown 
that it would only attack practically dead parts of cherry 
trees. It is therefore thought that the planting of frost-resist- 
ant varieties is more important than the careful destruction 
of the fungus-infected dead twigs. Sweet cherry is often simi- 
larly affected in this country. Some such cases became evident 
late this summer in an orchard of this Station. Several large 
trees died from the top downward. , 

Sour-cherry trees were affected again, this autumn, in the 
manner described in 1899 by F. C. Stewart,* of this Station, 
under the head of ‘ Leaf scorch of cherry.” The affected 
branches are usually lateral, and seem generally to have dis- 
colored wood, as observed by Stewart. Later he reported*® 
that though the “season of 1900 was drier than that of 1899, 
there was none of the cherry-leaf scorch such as occurred in 
1899.” In 1900 branches on the leaf-scorched trees were found 
injured, many buds dead, and the remaining fruit-pedicels were 
unusually short. Probably Sorauer’s experiments and obser- 
vations mentioned above sufficiently account for the primary 
cause of these cases of suddenly drying normal leaves. But 
as in all types of winter-injury, in which trees are not killed 
outright, the availability of water may determine the time 
at which the injury becomes apparent, so in these cases the 
drought of late summer marked the branches most frost-injured 
by drying their leaves. 











“ Pflanzenkrankheiten, I, p. 553. 1909. 
*N. Y. Agrl. Expt. Sta. Bul. 162, pp. 171-176. 1899. 
“N.Y. Agrl. Expt. Sta. Bul. 191, pp. 309-16. 1900. 
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A peach-tree disease.—In this connection it may be well to 
review briefly~a case of “Die back of the peach trees,” dis- 
cussed by F. M. Rolfs,4* where it is claimed to have been shown 
that Cytospora rubescens is an active parasite of the twigs, 
limbs and trunks of peach, plum, apricot and cherry trees. 
“Alternate freezing and warm periods” seem to favor the 
progress of the injury on peach shoots, often killing them back 
two to fifteen inches during January and February. ‘“-Infec- 
tions on the older branches during the winter-and early spring 
months produce oblong wounds extending up and down the 
stem.” 

“During the spring and summer months the foliage of in- 
fected twigs frequently wilts suddenly and takes on a brown, 
blighted appearance.” ‘ Large limbs or even whole trees in 
different stages of vegetation and at different times of the year 
die suddenly.” 

These observations can certainly be interpreted in another 
way, for they appear primarily to be winter-injury. 

Some other possibilities—It is well not to ride a good 
horse till it becomes a hobby, but there are two other matters 
that may be considered in this connection; namely, the little 
apples of this season, and the Bacillus blight of pear and apple. 
Perhaps it will prove profitable to find out whether such fruit- 
spurs and twigs, bearing clusters of small apples, have been 
winter-injured. A cursory examination of them has shown the 
presence of some browned cortical tissues around the bases of 
Some spurs, and often a more or less distinct brown line at 
the transition of last year’s into this year’s wood. It is gen- 
erally considered that plant lice and drought are the causes of 
this type of little apples, but that foregone conclusion may 
better be oriented somewhat in relation to this other probable 
factor. 

The virulence and destructiveness of the twig blight Bacil- 
lus have been so often observed and discussed that it has 
become a commonplace, but its manner of infection and of 


Science, N. S., 26: 87-9. 1907. 
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advance in the cambial zone are yet shrouded in mystery, 
though prolific theoretical explanations have been given. Is 
it possible that the occurrence of a “ fire blight” epidemic is 
fundamentally dependent upon how the trees came through 
the previous winter rather than upon the weather of spring 
and early summer? Is “ fire blight” only the sudden drying 
of such twigs as were winter-injured to a certain degree, at 
their ““ branch rings” of normally excessive cortical and me- 
dullary tissues? 


WINTER-HARDINESS OF TREES. 

There is not much definite to be said regarding hardy and 
susceptible varieties as related to Crown-rot or other frost- 
injuries, because all observations have been too limited and 
fragmentary. If trees are to be grown in regions of deep, 
all-winter snows, the winter-hardiness of roots is not as im- 
portant as that of the trunks and branches; however, in re- 
gions of uncertain snows the hardiness of roots must be con- 
sidered first. 

As regards varieties and stocks.— Nearly all of our most 
desirable varieties of winter apples have been reported, by 
some one or other, as liable to winter-injury and the numerous 
ills which follow in its wake. Though, of course, some are 
more winter-hardy than others. Macoun’s** report on “ The 
relation of winter apples to hardiness of trees” shows that 
79 per ct. of all winter-killed trees are winter varieties. He 
suggests that the ancestors of seedlings be short-seasoned va- 
rieties. Early-maturing varieties were also found more resis- 
tant by C. Baltet.® Emerson’s suggestion that the early ma- 
turity habit is often more important than constitutional hardi- 
ness to frost, may prove of value. It seems to be still an open 
question to what extent, if at all, a stock of an habitually early 
variety may influence the ripening habit of a scion from a late- 





*% Canad. Hort., 29: 291-2. 1906. 
De Vaction du froid sur les végétaux pendant Vhiver 1879-80. Mem. 
Soc. Nat. Agr. France, 127: 1-340. 1882. 
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maturing variety. The histology of grafts has been more care- 
fully studied’? than the physiologic relation of stock and 
Scion, though the latter is probably of more importance. Gen- 
erally, only the morphological and color modifications are 
noted. We have numerous examples of visible end-reactions 
which seem to be due to certain stock-scion relations; such 
as result in graft-hybrids, as shown by H. Winkler,*! and 
others transmitting albinism from the stock to the scion, as is 
often shown by grafting a green variety of Albutilon thomp- 
soni on an albino stock of the same species. But the trans- 
mission of invisible qualities from one symbiont to another 
lias but seldom been investigated, though it probably always 
occurs more or less. It has been shown by E. Strasburger™? 
that the poisonous atropin from a Datura stramonium scion 
was transmitted to the tubers of a potato stock upon which 
it was grafted. 

An interesting summary and extension of this question is 
given by Herse.®* 

As regards soil and moisture—Some differences of obser- 
vation and opinion are found as regards the character and 
location of land which is conducive to winter-hardness of 
fruit trees. According to some authors, trees on high, dry 
knolls, and according to others, those on low, wet places are 
most susceptible to winter-injury. <A distinction should, per- 
haps, be made between injury to tops and injury to roots, 
though they sometimes occur at the same time. From the 
observations by others it seems that aerial parts are more 
often injured in low, wet places (probably because the in- 
jurious temperature came when the wood was immature), 


°F. Schmitthenner. Verwachsungserscheinungen an Ampelopsis- und 
Vitis- Veredelungen. Ztschr. Pflanzenkrank., 18: Beigabe I, pp. 11-20. 
1908. See also Ueber den Einfluss des Reises auf die Unterlage. C. 
Mikosch. Wiesner-Festschrift. pp. 280-6. Wien. 1908. 

5t Solanum tubingenese, ein echter Pfropfbastard zwischen Tomate und 
Nachtschatten. Ber. deut. bot. Ges., 26A: 595-608. 1908. Zitschr. Bot., 
1: 315-45. 1909. 

* Ueber Verwachsungen und deren Folgen. Ber. Bot. Ger., 3: xxiv—xl. 
1885. 

ST. Herse. Beitriige zur Kenntniss der histologischen Erscheinungen 
bei der Veredelung der Obstbiume. Landw. Jahrb., 37: Erg. 4: 71-136. 
1908. 
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while roots seems more often affected on high, dry land. The 
observations by Nelson in Wyoming and Emerson’s experi- 
ment in Nebraska are illustrations of the latter. But from 
recommendations by Clinton it seems that in Connecticut the 
highlands are to be preferred for orchards. Emerson also ad- 
vised the use of high ground in connection with cover crops 
to induce early maturity. 

My observations seem to indicate that the crowns and roots 
of apple trees were more often injured on rather thin, dry 
Jand. One reason seems to be that the specific heat of dry 
soil is less than that of wet soil, and that therefore its tem- 
perature changes more rapidly and cold penetrates more deeply 
than in wet soil. Sod orchards seem to have been less winter- 
injured on both roots and branches than cultivated ones. Pad- 
dock and others record the same for Sphropsis cankers, and 
it is common knowledge that * fire blight”? occurs more gen- 
erally in cultivated orchards. But in regard to the Crown- 
rot-tvype of winter-injury, it seems that that occurs most 
readily in orchards after the breaking of the sod, though on 
thin land sod cannot always prevent it. From the few cases 
observed it seems that it is not tillage, as such, that induces 
root-injuries, but the change from sod to tillage. Probably 
the unaccustomed amounts of nutrients and moisture avail- 
able to sod trees when they are tilled, or to cultivated trees 
when they are unusually fertilized, stimulate them to excessive 
and late growth which may result in winter-injury. AS sug- 
gested before, soils permitting the formation of deep, extensive 
root-systems seem to enable trees to recover much more readily 
when they have been crown or root-injured. Hartig®* suggests 
that a deep root-system conducts heat upward during frozen 
winters. Oraig and others have also observed that Crown- 
rotted trees generally have their deepest roots unaffected. 


PREVENTIVE MEASURES IN GENERAL. 
The preventive measures generally advised are: Karly, thor- 
ough cultivation, followed by a cover crop in midsummer ; if 





54 Diseases of Trees; p. 283. 
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possible use hardy, short-seasoned seedlings or crabs for stocks, 
and plant ordinary nursery trees deep. S. T. Maynard”? con- 
cludes from a ten-year test of Williams’ Favorite grafted upon 
Siberian crab, ‘That the Siberian crab apple tree does not 
make good stock upon which to graft the varieties of our 
larger apples.” 

Cultivation appears always to pay®® even though some trees 
may be lost by it. When a sod orchard is to be cultivated, it 
may be well to plow it in autumn, after the leaves have fallen, 
so that growth may start early in the spring. 

Cover crops are not always used, even by our best orchard- 
ists, and often without harmful results. Probably the 
necessity for a cover crop depends somewhat upon the season 
and perhaps more upon the type of soil, the age of the trees 
and their locality. All preventive measures may fail when a 
summer season is such as to compel very late growth and 
unusually cold weather comes early; even sod orchards are 
severely injured at such times. 


CONCLUSIONS. 


The need for a long, thorough investigation of Crown-rot and 
its attendant ills is evident. It seems more or less destruc- 
tive throughout the best apple-growing States. The relations 
of low temperatures,*” arsenical poisons and the various organ- 
isms, to cankered and Crown-rotted trees, are not known suffi- 
ciently, nor is it definitely understood how the different types 
of soil are related to root-injuries and canker-injuries, and 
what relation low temperatures have to enzyme-action. The 
mutual influence of stock and scion, when known, may help 
the problem. And, as a result of such investigations, sane 
measures of orchard management to increase the winter- 
hardiness of our fruit trees may be materially advanced. 


Mass. (Hatch) Agrl. Expt. Sta. Bul, 17: 36-7. 41. , 

1. P. Hedrick. A comparison of tillage and sod mulch in an apple 
orchard. N. Y. Agr]. Expt. Sta. Bul. 314, 1909. 

5’ Some work on the relations of arsenites and arsenates, and of low 
temperature (with its principal secondary factors) to Crown-rot, will be 
started in the near future by the writer. 
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A VOLUMETRIC METHOD FOR THE DETER- 
MINATION OF CASEIN IN MILK.*7 


L. L. VAN SLYKE anp ALFRED W. BOSWORTH 


SUMMARY. 


A given amount of milk, diluted with water, is made neutral 
to phenolphthalein solution by addition of a solution of sodium 
hydroxid. The casein is then completely precipitated by ad- 
dition of standardized acetic acid; the volume of the mixture 
is made up to 200 cc. by addition of water, thoroughly shaken 
and then filtered. Into 100 cc. of the filtrate a standardized 
solution of sodium hydroxid is run until neutral to phenol- 
phthalein. The solutions are so standardized that 1 cc. is 


equivalent to 1 per ct. of casein when a definite amount of 
milk is used. The number of cubic centimeters of standard 
acid used, divided by 2, less the amount of standard alkali 
used in the last titration gives the percentage of casein in the 
milk examined. When one uses 17.5 cc. (18 grams) of milk, 
the amount used in the Babcock milk-fat test, the standard 
acid and alkali solutions are made by diluting 795 cc. of tenth- 
normal solutions to 1 liter. By using 22 cc. of milk, tenth 
normal solutions can be used directly; or by using 20 cc. of 
milk and tenth-normal solutions, adjustment is made by multi- 
plying the final result by 1.0964. 

The method usually gives results within 0.2 per ct. of those 
obtained by the “ official’ method. 








* Presented in abstract before the meeting of the American Chemical 
Society, Detroit, Mich., June 29-July 2, 1909. 
7 A reprint of Technical Bulletin No. 10. 
[333] 
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INTRODUCTION. 


In 1892 there was worked out in the chemical laboratory 
of this Station a method for the determination of casein in 
cow’s milk.* This method, after careful trial by the Associa- 
tion of Official Agricultural Chemists, was adopted as “ offi- 
cial.”* It was realized that the method was adapted only for 
use in well equipped chemical laboratories and in the hands 
of trained chemists. Beginning 16 or 17 years ago, unSsUCccess- 
ful efforts were made here at different times to devise a simple, 
direct, volumetric method, requiring less apparatus, time, 
inanipulation and skill. Several attempts have been made by 
others to find such a method, among which we mention the 
following. (1) Estimation of casein: a preliminary study3 
(2) Quantitative estimation of casein.4 (3) A new method 
for the determination of casein.® These and other proposed 
methods are open to several practical objections. 

A method that is satisfactory in all respects for finding the 
amount of casein in milk should have the following character- 
istics: (1) It should be accurate; (2) its operation should 
require only a few minutes; (3) it should effect economy of 
time when several determinations are made at the same time; 
(4) the apparatus and materials used should be simple, readily 
obtainable and inexpensive; (5) the manipulations should be 
simple, such as can be acquired with a minimum amount of 
previous training; (6) the mechanical work required should 
not be needlessly tiresome. | 

In making a study of the accuracy of the results given by 
the method of Matthaiopoulos, it was found that a reconstruc- 





1N. Y. Agrl. Exp. Sta. Ann. Rept., 12:487-496 (1893); Jour. Amer. 
Chem. Soc., 15:635-645. 

U.S. Dept. Agr., Chem., Bul. 51. 

’V.H. Arny and T. M. Pratt. Amer. Jour. Pharm., 78:121-128 (1906). 

4T. B. Robertson. Jour. Biol. Chem., 2:328-334 (1906). 

5G. T. Matthaiopoulos. Ztschr. Analyt. Chem., 47:492-501 (1908). 
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tion of its details could be easily utilized in devising a method 
of equal accuracy but of much greater simplicity and rapidity. 

The method which has been thus worked out is, in brief, 
as follows: <A given amount of milk, diluted with water, is 
made neutral to phenolphthalein by addition of a solution of 
sodium hydroxid (caustic soda). The casein is then com- 
pletely precipitated by addition of standardized acetic acid; 
the volume of the mixture is made up to 200 cc. by addition 
of water and then filtered. Into 100 ce. of the filtrate a stand- 
ardized solution of sodium hydroxid is run until neutral to 
phenolphthalein. These solutions are so standardized that 1 
cc. 18 equivalent to 1 per ct. of casein when a definite amount 
of milk is used. Therefore, the number of cubic centimeters 
of standard acid used, divided by 2, less the amount of stand- 
ard alkali used in ihe last titration gives the percentage of 
casein in the milk examined. The operation usually requires 
12 to 15 minutes when apparatus and solutions are at hand 
in convenient forms for ready use; several determinations can 
be carried on simultaneously with much relative economy of 
time. 

This method is based upon the following well-known facts: 
(1) Uncombined casein is insoluble in milk-serum, or water, 
or very dilute acids.© (2) It is acid in properties and com- 
bines with alkalis to form definite chemical compounds, which 
are neutral to phenolphthalein. 

Of the total amount of acid used in the process of precipi- 
tating casein, a portion is taken to set casein free from com- 
bination, thus forming a soluble neutral salt and an insoluble 
compound (free casein) possessing the properties of an acid; 
and, on filtration, this amount of acid, as free casein, is re- 
moved from the mixture. The balance of the acid used in 
the process is accounted for in the filtrate on titration with 
alkali. Therefore, the difference between the total amount of 





SN. Y. Agrl. Expt. Sta. Tech. Bul. No. 3, pp. 105-6; Amer. Chem. Jour. 
38: 409-10. 
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acid used and that accounted for in the filtrate by titration 
with alkali represents the amount of acid corresponding to the 
casein present in the milk examined. 

Since one gram of free casein neutralizes 8.8378 ce. of tenth- 
normal sodium hydroxid (or 1 cc. of tenth-normal sodium 
hydroxid equals 0.11315 gram of casein),‘ we have a definite 
basis for estimating the amount of casein in any given case, 
when we know the amount of alkali it neutralizes, 


7 Ztschr. Analyt. Chem., 47.498. 
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DESCRIPTION OF METHOD. 


The various details of the method will now be taken up for 
description and discussion under the following heads: (1) The 
required apparatus, (2) the necessary solutions, and (8) the 
operations performed in applying the method. Since the 
1ethod is intended for the use of many who have not had 
much, if any, training in chemical work, the description is 
made to cover many details which are matters of common 
familiarity to those who have had laboratory training in 
volumetric quantitative work. 

For convenience of use in dairy schools and places where 
the Babcock test for fat is employed, we have based the de- 
scription of the method upon the amount of milk used in that 
test, 17.5 cc. or 18 grams. The adaptation of the method to 
the use of 20 cc. and 22 cc. of milk is also given for the con- 
venience of those preferring such modifications. 


APPARATUS. 

(1) Two 50 cc. burettes, accurately graduated to 1/5 ce. 
When many determinations are to be made, time can be saved 
by using automatic burette-fillers, such as are in common use 
in chemical laboratories, dairy schools and creameries, 

(2) Flasks, so-called volumetric, holding 200 cc., provided 
- with a mark at the exact 200 cc. point. Two of these are 
needed for each determination made in duplicate. For great- 
est convenience, we prefer flasks having necks 4% to 5 inches 
long and an inside diameter of about %4 inch, with the 200 
ec. mark 114, inches up the neck above the globe-shaped portion 
of the fiask. 

(3) One milk-sampling pipette, accurately graduated at 17.6 
ec. and made to deliver 17.5 cc. (18 grams) of milk. This 
is the regular form of pipette used in the Babcock test for 
fat in milk. 

(4) One 100 ce. pipette provided with a mark to permit the 
delivery of exactly 100 cc. 
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(5) One small pipette with rubber bulb (so-called dropper), 
provided with a mark at the 1 cc. point. 

(6) Breakers or cups holding 200 cc. or more. Ordinary 
white porcelain tea-cups, or white granite-ironware cups an- 
swer the purpose. 

(7) Funnels, glass or granite-ironware, 3 to 4 inches in 
diameter. 

(8) Filter-paper cut round, 6 to 7 inches in diameter. In 
their place one can use fine linen cloth cut in proper size and 
Shape. These have the advantage of permitting repeated use, 
being washed always after use. 

(9) Measuring-cylinders, accurately graduated and holding 
000 SCG: 

SOLUTIONS. 

(1) Sodium hydroxid. This solution may be made most con- 
veniently by preparing a regular tenth-normal solution and 
then diluting 795 cc. of this to one liter. In such a solution, 
1 cc. corresponds to 0.09 gram of casein or 1 per ct. when 
one takes 9 grams of milk for testing. In actual practice, 
we take a 17.5 cc. (18 grm.) samplé of milk, but in the final 
part of the test use only one-half of the solution obtained. 

Alkali solutions made from alkaline tablets, such as are 
often used in dairy work for determining acidity of cream, 
milk, whey, etc., do not give satisfactory results in this test 
for casein. 

The simplest method of preparing the alkali solution is to 
purchase from a reliable chemical supply-house sodium hy- 
droxid, of the quality known as “strictly chemically pure,” 
put up in sealed, glass-stoppered bottles, each bottle contain- 
ing exactly 40 grams. The entire contents of the bottle, dis- 
solved in one liter of water, make a normal solution; and 
100 cc. of this normal solution, diluted with water to one 
liter, gives the tenth-normal solution, 795 ec. of which diluted 
to one liter makes the strength of solution desired when using 
17.5 cc. of milk for the test under the conditions stated above. 
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In making standard solutions, pure distilled water should 
be used if possible, or else as pure rain-water as can be 
obtained. 

Instead of purchasing the solid sodium hydroxid one can 
obtain a normal solution of the alkali directly from chemical 
supply-houses and then dilute this in the manner already 
indicated. 

Solutions of sodium hydroxid, when exposed to the air, ab- 
sorb carbon dioxid and change in strength so as to become 
unreliable; they should, therefore, be kept carefully in tightly- 
stoppered bottles. 

(2) Acetic acid. This solution is made so that a given 
amount of it will exactly. neutralize the same amount of the 
standard alkali solution of the strength above indicated. The 
simplest, but not the cheapest, way of preparing this solution 
is to purchase a normal solution and dilute 1,000 cc. of this 
tOeL. 20 CCu( OL /79p: Ce, to 1,000, cc.) 

The following method of preparing standardized acetic acid 
is the one commonly used in laboratories: Concentrated acetic 
acid, 99 per ct. or more pure, is employed. In preparing con- 
siderable amounts, one measures out about 12 cc. and dilutes 
to 2 liters of stock solution with pure, soft water (preferably, 
distilled). This makes a solution approximately tenth-normal, 
but somewhat too strong. One takes 25 cc. of this solution, 
adds two or three drops of phenolphthalein solution and then 
runs in from a burette the standardized alkali until the neutral 
point is reached, when the solution becomes faintly but dis- 
tinctly pink in color, the coloration remaining for some time. 
The amount of alkali solution thus required is read from the 
burette. Suppose, for example, that 25 cc. of the diluted acetic 
acid requires 27.5 cc. of alkali. This means that each 25 ce. of 
acid should be diluted to 27.5 cc. in order to have the proper 
strength, or each 1,000 cc. of acid solution should be diluted 
to 1,100 cc. by addition of 100cc. of water. The method of 
calculation, expressed as a general rule, may be stated as 
follows: To find the amount of standard acid, multiply the 
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number of cubic centimeters of standard alkali required to 
neutralize a given amount of acid by 1,000 and divide the 
result by the number of cubic centimeters of acid used in 
titration. Of course, a smaller amount than a liter may be 
used for dilution, so long as the rate of dilution is kept in 
the proper proportion. After having once found the strength 
of the stock solution, any desired amount of this can be made 
to the proper dilution at any time. 

When an acetic acid solution is to be kept on hand for some 
time, it is desirable to add a small amount of pure mercuric 
chlorid (corrosive sublimate), for one liter about as much 
as will lie in a thin layer on a silver dime, in order to prevent 
change of strength by fermentation. The solution should be 
kept in tighty-stoppered bottles. 

For those who have had no experience in making standard 
solutions or who lack requisite facilities, it is recommended 
that normal solutions be obtained from some reliable chemical 
supply-house. The address of the most convenient dealers can 
be obtained from the agricultural college or experiment station. 

(3) Phenolphthalein solution. This is made by dissolving 
one gram of dry, powdered phenolphthalein in 100 cc. of 50 
per ct. alcohol. Some samples of phenolphthalein are quite 
acid and it is well to add to the prepared solution a few drops 
of dilute alkali until the solution acquires a slightly pinkish 
color. 

PERFORMING THE OPERATION. 

(1) Measuring and diluting sample of milk. The milk to be 
tested is well mixed and a 17.6 cc. pipette filled to the mark 
and the milk run into a 200 cc. flask. Then one adds about 
80 cc. of pure, soft water (preferably, distilled), filling the 
globe-shaped portion of the flask about half full. In pouring 
the water in, any milk adhering to the inside wall of the neck 
of the flask is washed down into the flask. 

(2) Neutralizing the milk. Add 1 ce. of phenolphthalein 
solution to the diluted: milk and then run into it the alkali 
solution from a burette, in small portions, shaking vigorously 
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after each addition of alkali, until a faintiy, but distinctly, 
pinkish shade of color remain even after considerable agita- 
tion. Any marked excess of alkali must be avoided. 

(a) Preparation of color standard.—We have found that 
more uniform and satisfactory results in neutralizing can be 
attained by preparing a color-standard for comparison. Our 
method of accomplishing this is as follows: About 20 ce. of 
fresh skim-milk and 80 cc. of water are put into a 200 cc. flask 
and a small amount of mercuric chlorid added to prevent 
souring. <A few drops of ordinary carmine ink are consider- 
ably diluted with water and this is carefully added, a few 
drops at a time, to the diluted skim-milk until a faint but 
distinct pinksh coloration appears. This can be more readily 
and accurately perceived by placing beside the flask another 
flask half full of uncolored diluted skim-milk. The coloration 
must be as slight as possible and yet be appreciably distinct 
when compared with uncolored milk. After the color-standard 
has been prepared, the flask is stoppered. It is well to keep 
this standard in a dark place when not in use. With some 
carmine colors, the pinkish shade in the milk deepens on 
standing, especially when exposed to light, and with others 
it may fade. If at any time a deeper shade is observed, the 
proper shade can be reproduced by slight dilution with skim- 
milk; in case of fading, the additon of one or more drops of 
carmine ink is needed. The object of using skim-milk in pre- 
paring a color-standard is to avoid the presence of fat which, 
in case of whole milk, separates on standing, adheres to the 
sides of the flask and obscures the color. 

(b) Use of color-standard.—In neutralizing a sample of 
milk, the color-standard is placed beside the sample under 
examination fer constant comparison after each addition of 
alkali. The flasks should be placed on a white surface and 
in a good light in order to render more sharp the observation 
of the coloration. In fresh milks, it is usually found that 3 
or 4 ce. of alkali is sufficient to neutralize the milk. In cases 
where milk is not strictly fresh or where it has been kept 
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for some time with mercuric chlorid, usually from 5 to 10 ce. 
or even more may be required. One can usually add 2 or 3 
cc. of alkali at the start and then add it in smaller portions, 
until the milk begins to show signs of neutrality. After that 
the alkali is added a drop at a time, the flask being shaken 
and the color being observed after each addition. The opera- 
tion of neutralizing should be performed only in a good light, 
sufficiently strong to enable one to observe slight changes of 
coloration. Persons accustomed to the determination of the 
acidity of milk, cream, etc., should have no difficulty in obsery- 
ing the proper color point that indicates neutrality. A little 
experience, especially under proper instruction, will enable 
one to perform this step with rapidity and accuracy. 

(3) Precipitation of casein. (a) Addition of acid.—Into the 
neutralized sample of diluted milk, which should be at a tem- 
perature of 65° to 75° F., one now runs from a burette some 
of the standardized acetic acid, adding the acid approximately 
in 5 cc. portions and agitating vigorously for a few seconds 
after each addition. It is usually safe to add about 25 ce. 
of acid before examining the milk to see if the casein sepa- 
rates in the form of white flakes. After adding 20 to 25 ce. 
and shaking, the mixture is allowed to come to rest. If 
enough acid has been added, the casein separates promptly in 
large, white flakes, and, on standing a short time, the liquid 
above the settled casein appears clear and not at all milky. 
If the addition of 25 cc. of acid is insufficient to separate the 
casein properly, add 1 cc. more of acid and shake; continue 
the addition of acid, 1 cc. at a time, until the casein is observed 
to separate promptly and completely on standing at rest a 
short time. The number of cubic centimeters of acid used to 
effect precipitation is noted and this result is recorded as A. 

(b) Infiuence of temperature.—For convenience of work and 
uniformity of results, the temperature of the mixture at the 
time of the addition of acid may be between 65° and 75° F. 
Under these conditions, we have found that in most of the 
milks with which we have worked 30 cc. of acid gives satis- 
factory resuits. In some cases, especially with the milk of 
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cows far along in lactation and high in casein (3.5 to 4 per 
ct.), we have had to use as high as 35 to 40 cc. of acid. We 
have seldom found any case in which 25 cc. of acid was exces- 
sive. The amount of acid may be 2 or 8 cc. in excess of. that 
required to effect complete precipitation without seriously 
affecting the accuracy of the results, provided the temperature 
of the mixture is below 75° I’. At temperatures above 75° F., 
good results are attainable, but care must be taken not to 
use much excess of acid; and, of course, the higher the tem- 
perature, the less will be the amount of acid required for 
precipitation. Extra care must be used at higher tempera- 
tures in regard to the use of any marked excess of acid for 
the following reason: The higher the temperature, the more 
easily does casein dissolve in the presence of free acid,’ the 
effect being to reduce the results of the test in percentage 
of casein. In working at temperatures under 65° F., the casein 
Separates more slowly or requires more acid to separate 
promptly. In case of milk that is much below 65° F., it is 
well to use for dilution water that is at a temperature of 
about 80° F. 

(4) Filtration of casein. After the casein is completely 
precipitated, pure, soft water (preferably, distilled), is added 
until the 200 ce. mark is reached and the contents are then 
‘vigorously agitated 10 or 15 seconds, in order to make the 
distribution of acid through the mixture as uniform as possi- 
ble. The contents of the flask are then poured on a dry filter 
and the filtrate caught in a beaker or cup. The funnels, filters 
and beakers or cups should all be dry before being used. It 
is well generally to allow the filtration to continue until prac- 
tically all of the liquid has run into the beaker or cup. 

(a) Rapidity of filtration— The usual time of filtration 
should not exceed 3 to 5 minutes. The rapidity depends upon 
the temperature of precipitation and the completeness of the 
separation of casein. In general, the higher the temperature 
of the mixture when precipitated with acid, the more rapid 
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should be the filtration, other conditions being uniform, In 
case of insufficient acid, the filtration is slower. 

(b) Appearance of filtrate—The filtrate should be quite 
clear, though this is not always a sure indication that the 
right amount of acid has been added to effect complete precipi- 
tation and release casein entirely from its combination. Some- 
times the filtrate may be clear when not quite enough acid 
has been added, in which case the percentage of casein found 
is apt to be low; under such circumstances, filtration is usually 
slow. In case of milks rich in fat, a slight turbidity may 
appear, due to fat-globules in the filtrate. The filtrate should 
be free from all signs of marked turbidity or anything like 
milkiness. If such a filtrate appears, a new sample of milk 
should be taken and the operation repeated from the begin- 
ning, more acid being used than before. With a little experi- 
ence, especially under proper instruction, no difficulty should 
be found in recognizing quickly when the casein is separated 
so as to give satisfactory results. 

(5) Titration with alkali. After filtration is completed, one 
measures 100 cc. of the filtrate with the pipette into a beaker 
or cup and then from the burette runs into this the standard 
alkali until a faint, but distinct, pink color remains clearly 
marked through the solution for half a minute or longer before 
beginning to fade. The number of cubic centimeters of alkali 
used is noted and this result is recorded as B. 

The last portions of alkali must be added carefully, a drop 
at a time, agitating the mixture well after each addition. The 
exact neutral point is not perfectly sharp on account of the 
presence of phosphates, and the appearance of the desired 
coloration is, therefore, not as sudden and pronounced as 
might be desired. With experience one should have no diffi- 
culty in getting within one drop of the correct amount of 
alkali. The chief precaution to be observed. is to have the 
same shade and duration of color every time. Thus one should 
not in one titration add alkali until a deep pink coloration 
appears, lasting for some minutes, and then in another, a 
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coloration that disappears within 5 seconds. In the case of 
milk rich in phosphates, the solution usually grows quite 
turbid as the neutral point is approached, making it neces- 
sary to use more care in observing the color of the end-point 
of the reaction. 

If one desires to make a second titration of the same filtrate, 
one can use 50 cc. of the remaining portion, multiplying the 
result by 2 and recording this as B. 

(6) Calculation of results. The calculation of the percent- 
age of casein from (1) the amount of acid used (A) in pre- 
cipitating the casein and (2) the amount of alkali used (B) 
in neutralizing 100 cc. of filtrate, is very simple. Divide A 
by 2 and from the result subtract B; or, expressed as a 


formula, 


A _ B= Per ct. of casein in milk. 


Kixample: One uses 30 ce. (A) of acid in precipitating casein 
and 11.95 ce. (B) of alkali in neutralizing 100 ce. of filtrate 
(one-half of filtrate from the casein precipitate, corresponding 
to 9 grams of milk). Substituting 30 for A and 11.95 for B 
in the formula we have 
* — 11.95 = 15 — 11.95 = 3.05 (the percentage of casein in 
milk). 

(7) Use of preservatives. In making a casein determination 
by this mehod, it is desirable when possible to use milk not 
more than 24 hours old, which has been kept in a cool place. 
Milk which is sour or which coagulates on heating can not be 
used with satisfactory results. However, by adding to fresh 
milk powdered mercuric chlorid (corrosive sublimate) in the 
approximate proportion of 1 part to 1,000 or 1,500 parts of- 
milk, and then keeping the mixture at a temperature of 50° F. 
or lower, we have been able to obtain satisfactory results with 
milk that had been kept two to three weeks. Milk thus treated 
should be shaken often enough to keep the fat well incorpor- 
ated in the body of the milk. The desired amount of mercuric 
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chlorid may be approximately measured by taking the quantity 
that will easily lie on the surface of a silver dime for one 
quart of milk or, more conveniently, the amount held by a 
(.22-inch, pistol cartridge-shell 14 inch long, when loosely 
filled. A stiff wire soldered to such a shell makes it convenient 
to handle. Commercial mercuric chlorid tablets containing 
coloring-matter can not be used. 

(8) Summary of precautions. Below we give in outline the 
special points to be observed with care in performing the 
operations of the test, assuming that the graduated glassware 
is accurate and the solutions of correct strength. 


(a) Preliminary neutralization. In the neutralization of 
the sample of milk, excess of alkali must be avoided, which can 
be controlled by the use of a properly prepared color-standard. 

(b) Conditions of precipitation. Before precipitating with 
acid, have the dilute, neutralized milk at a temperature be- 
tween 65° and 75° F. Add enough acid to cause the casein 
to separate promptly in large flakes, leaving the supernatant 
liquid clear. Shake the mixture vigorously at intervals during 
the addition of acid; also after complete precipitation and 
again after dilution to the 200 cc. mark. 


(c) Filtration. Allow most of the liquid to run through the 
filter before making the final titration with alkali. 

(d) Titration with alkali. In titration the filtrate with 
alkali, avoid an excess of alkali. Add the alkali solution 
cautiously until, after thorough agitation, a faint but distinct 
pink color remains through the solution half a minute or 
longer. The same uniform shade and duration of pink color 
should be obtained as nearly as possible in all cases. 

(e) Acid milk. Milk that is sour or that coagulates on heat- 
ing should not be used. 

(f) Use of preservatives. Milk treated, when fresh, with 
a small amount of powdered mercuric chlorid and then kept 
in a cool place gives good results for two or three weeks. 
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DATA ILLUSTRATING RESULTS OF USE OF METHOD. 

We present below some of the data obtained which will 
serve to give a general idea of the results obtained by our 
volumetric method in determining the percentage of casein in 
cow’s milk. For the most part, we have worked with the milk 
of indivdual cows which were in all stages of the lactation 
period. We have thus met with more extreme variations and 
more peculiar conditions than would usually be found in ex- 
amining herd milk. It is possible that under some unusual 
conditions which have not come under our observation, it may 
be found that the method may need some slight modifications 
in details. But so far. as our observations go, varying condi- 
tions may be met by adjusting the amount of acid used to the 
requirements of complete precipitation of casein, which be- 
comes largely a matter of experience. 

The data below represent the results obtained by three dif- 
ferent workers, one of whom possessed only such training as 
comes from determining the acidity of milk, cream, etc., and 
who had received only slight instruction in the use of this 
method. For comparison, results by the “ official” method are 
also given. 


PERCENTAGE OF CASEIN IN MILK AS DETERMINED By DIFFERENT WORKERS. 











Volumetric method. 


Official 
No. of sample. Meuiodl). saeanaieh. oe 
1 2 3 
MMAD Ayres one's Se oh ae. Sah 3.09 3.00 2.95 3.10 
Jy oh Lo Se ae eee 3.36 3.40 3.45 3.45 
tak wits aie oe ROY ole tanh 3.21 3.30 3.40 3.30 
A he Wet emis «f= « cone Rk 3.16 3.20 3.20 3.10 
TION 5 dacs ache ve ao - 38 2.95 2.90 2.90 2.80 
aks cin vw ose eins einals Hh 3.11 3.05 3.10 3.15 
opt 1s ene See 2.66 3.00 3.00 3.05 
Loo Agee eee 3.34 3.20 3.00 3.10 
ee eee eee 3.62 3.55 3.60 3.55 
0 SS Sean anne 3. 20 3.30 3.20 3.10 
Oe inde secs +s +s: 3.22 3.20 3.00 3.10 
1 Se eee 2.68 2.85 2.75 2.80 
(aS oe i ee ee 2.92 3.00 2.90 2.90 
2 DS Hae Or Sees 2.79 2.85 2.80 2.95 
15 a PO ie eee 2.84 2.85 2.80 2.70 
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Results of different workers are usually within 0.2 per ct. 
of the official method. Variations greater than this have been 
found to be due to failure to observe with proper care the 
various precautions indicated. 

The method was placed in the hands of the dairy students 
of the College of Agriculture of Cornell University during the 
winter of 1908-9 for the purpose of ascertaining whether uni- 
form results could be obtained by different individuals. Satis- 
factory results were reported. Dr. Redfield, also of Cornell 
University, reports that the method gives excellent results in 
his hands. 

The following table contains data illustrating the results 
of casein determinations made in fresh milks and after 3 and 
7 days in the same milk containing mercuric chlorid. 


PERCENTAGES OF CASEIN IN MILK TREATED Witn MERCURIC CHLORID. 





Official method. Volumetric method. 


Fresh milk. Fresh milk. At 3 days. At 7 days. 





2.47 2.55 2.50 2.50 
2.60 2.40 2.65 2.55 
2.64 2.60 2.65 2.70 
2.78 2.80 2.70 2.75 
2.81 2.90 2.90 2.80 
2.81 2.85 2.70 2.75 
2.87 2.90 2.90 2.85 
3.00 3.00 3.00 3.05 
3.00 3.00 3.00 3.00 
3.03 3.05 3.05 3.05 
3.04 3.00 3.00 3.00 
3.12 3.05 3.05 3.00 
3.13 3.15 3.15 3.15 
3.16 3.10 3.10 3.10 
3.18 3.20 3.10 3 10 
3.29 3.30 3.30 3.30 
3.43 3.30 3.35 3.50 
3.59 3.60 3.50 3.55 
3.78 3.80 3.60 3 70 
3.86 3.80 3.80 3.70 
4.04 4.20 4.20 4.20 
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USE OF OTHER ACIDS AND ALKALIS. 

Other alkalis (hydroxids of barium and calcium) and other 
acids (hydrochloric and sulphuric) were employed in develop- 
ing the test but were not found to give satisfactory results. 
In the Matthaiopoulos method, sulphuric acid is used. The 
special advantage of dilute acetic acid, as compared with the — 
other acids tried, lies in its smaller dissolving and absorbing 
properties for casein.® 


MODIFICATIONS FOR USE OF CHEMISTS. 
Instead of using 17.5 cc. (18 grams) of milk, and the special 
strength of solutions indicated, it may be found more con- 
venient in chemical laboratories to use 20 cc. of milk and 
tenth-normal solutions of acid and alkali. In such cases, the 
method is carried out in the usual manner and the percentage 
of casein calculated by the following formula. 


~— B X 1.0964 = per ct. of casein. 


By using 22 cc. of milk and tenth-normal acid and alkali, 


the formula becomes 


A : 
— — B = per ct. of casein. 

2 

Each cubic centimeter of standard solution corresponds to 


one per ct. of casein in milk under these conditions, 
USES OF CASEIN TEST. 

A simple method for determining casein in milk can be 
utilized to advantage under a variety of conditions, and we 
will briefly consider some of the principal opportunities for 
its application. 


———— 


poe ACT, xpt. ota, secn. Bul. No; 3. 
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(1) In dairy schools.—As a matter of general educational 
training in making a laboratory study of the composition of 
milk, a casein test has value, independent of its possible prac- 
tical applications. 

(2) In dairy nutrition investigations.— In many dairy in- 
vestigations of nutrition problems, it is desirable to know 
the percentage of casein in milk. This factor has frequently 
been omitted on account of the amount of work involved in 
determining casein by the “ official ” method. 

(3) In studies of composition of milk.— In chemical labora- 
tories, especially those connected with agricultural experiment 
stations, where systematic studies of the composition of milk 
are being made, the determination of casein is usually a neces- 
sity, if results of value are sought. 

(4) In municipal and state inspection laboratories.— The 
inspection of milk by municipal and state authorities has rarely 
taken casein into consideration in determining the normal 
character of milk. The relation of fat and casein can be made 
a desirable basis for ascertaining when fat has been removed 
from, or skim-milk added to, normal milk. 

(5) In the preparation of modified milk for infant feeding.— 
It is a common practice among physicians to modify cow’s 
milk on the basis of the relation of fat to casein for feeding 
infants. The general purpose is diminution of the ratio of 
casein to fat as it ordinarily exists in cow’s milk. The prepara- 
tion of modified cow’s milk for such purposes has usually been 
based on guess-work. The ability to determine easily the 
amount of casein, as well as fat, in cow’s milk gives physicians 
a control of the process which they have not previously had. 

(6) In cheese-factories.— The relation of casein and fat in 
milk is an important one in connection with cheese-making. 
There are times when the normal ratio is so disturbed as to 
call for modifications of the process of cheese-making or else 
serious loss of cheese yield is apt to be experienced. Thus, in 
times of severe drought, the casein usually decreases in relation 
to fat to such an extent as to result in large losses of fat, 
when the usual conditions of cheese-making are followed. 





New YorkK AGRICULTURAL EXPERIMENT STATION. 351 


Such losses may be prevented by proper modification of the 
conditions of cheese-making. If a cheese-maker at such times 
were to determine the amount of casein and fat, he would then 
know the cause of the difficulties and also the remedy. In the 
case of cheese-makers who have had the advantage of a dairy- 
school training, much interest and value could be added to the 
work of cheese-making by determining the percentage of casein 
in the mixed milk daily or weekly through the season. 

Statements have for some time appeared at intervals in the 
agricultural press to the effect that the determination of casein 
in milk “ bears the same relation to the cheese industry that 
the determination of the fat content by the Babcock test does 
to butter-making” and will do “ for cheese men what the Bab- 
cock test did for buttermakers.” Such statements are decidedly 
misleading, being based on a crude and superficial understand- 
ing of the relation of fat and casein to the yield and quality 
of cheese, a question which is fully discussed in Bulletin No. 
308 of this Station. 


A CHEMICAL STUDY OF THE LIME-SULPHUR 
WASH.* 


L. L. VAN SLYKE, C. C. HEDGES anv A. W. BOSWORTH. 


SUMMARY. 


1. Object.— The work described in this bulletin was under- 
taken for the purposes of learning (1) how the composition of 
the lime-sulphur wash is influenced by conditions of prepara- 
tion and (2) what the composition is of various commercial 
preparations. 

2. Chemistry of lime-sulphur wash.—When sulphur and lime 
are boiled together in water, calcium and sulphur combine, 
usually forming one or two compounds, calcium pentasulphide 
(CaS,) and calcium tetrasulphide (CaS,); at the same time 
another compound is formed, known as caicium thiosulphate 
(CaS,O,), which on boiling changes into calcium sulphite 
(CaSO.) and free sulphur. Calcium sulphite on exposure to 
air changes into calcium sulphate (CaSO,). 

3. Experiments with different formulas.— Preparations were 
made containing 125 pounds of sulphur with 52, 60 and 65 
pounds, respectively, of pure lime. The general results are 
summarized as follows: 

(a) The specific gravity or density of the preparation and 
the amount of sulphur and calcium in solution increased with 
the amount of lime used. 

(b) When the largest amount of lime was used, the com- 
pound present was mostly calcium tetrasulphide (CaS,) ; when 
the smallest amount of lime was used, the mixture was more 
nearly pentasulphide (CaS,). 

(c) In the undissolved portion or sediment, free sulphur was 
present in largest amounts when the smallest amout of lime 











* A reprint of Bulletin No. 319. 
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was used, and the amount decreased when larger amounts of 
lime were used. Calcium sulphite was present in smallest 
amounts when the least amount of lime was used. 

4. Experiments in boiling mixture different lengths of time. 
— Different mixtures were boiled 45, 60 and go minutes, with 
the following results: 

(a) The largest amount of soluble sulphides was formed by 
boiling about one hour, especially when the largest amount 
of lime was used. 

(b) In general, increased length of boiling decreases the 
amount of thiosulphate and increases the amount of sulphite. 

(c) The amount of sediment increases with length of boil- 
ing, owing to increased formation of calcium sulphite, etc. 
The amount of free sulphur in sediment decreases with length 
of boiling. 

5. Home-made preparations.— Examination was made of 
concentrated home-made mixtures and of dilute mixtures pre- 
pared according to the formula, 15 pounds of sulphur and 20 
pounds of commercial lime. The results were not as satis- 
factory as in case of the other preparations already described, 
probably due to use of impure lime. In the case of the 15-to-20 
formula, the sulphide compounds of calcium appear to be de- 
composed forming compounds containing much less sulphur 
than the tetrasulphide (CaS,). 

6. Effect of adding lime to diluted lime-sulphur solution.— 
A concentrated solution was diluted to 50 gallons, using 8 gal- 
lons of water for 1 gallon of concentrate, and 10 pounds of 
lime then added. The amount of sulphide sulphur was de- 
creased, while thiosulphate was increased with formation of 
free sulphur. The higher sulphides of calcium were decom- 
posed, forming compounds containing less sulphur. The 
changes thus caused may be so great as to seriously decrease 
the insecticidal power of the mixture. 

7. Use of sediments in making lime-sulphur wash.— When 
nearly pure lime is used, the sediment consists largely of 
calcium sulphite (CaSO,), free sulphur, hydroxide and car- 
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bonate of lime, and can be added to fresh amounts of sulphur 
and lime in making additional wash. This should not be done 
when the lime used contains magnesium compounds. 

8. Effect of using magnesium oxide in piace of lime in mak- 
ing lime-sulphur wash.— Magnesium oxide does not form 
sulphides when boiled with sulphur. Some limited action takes 
place which results in producing hydrogen sulphide gas. 
When magnesium oxide is present in lime, it tends to decom- 
pose and decrease the amount of sulphides of calcium found. 
Hydrogen sulphide gas thus produced is poisonous and may 
affect unfavorably the person who handles ithe mixture during 
boiling. 

9g. Commercial lime-sulphur preparations.-— Several samples 
of each of four different brands of solutions were examined. 
One brand contained varying amounts of sediment, one sample 
nearly 20 per ct. The percentage of soluble sulphides was 
found to vary from 16.5 to 25.6 per ct.; in most cases the per- 
centage was between 23 and 24. The sulphide compounds 
present were tetrasulphide (CaS,) and pentasulphide (CaS,), 
the proportions varying somewhat; on an average, the two 
compounds were present in approximately equal proportions. 

One sample of a dry powder was examined, the result show- 
ing that at the price charged the cost is higher than in case of 
the commercial solutions. 
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INTRODUCTION. 


‘The chemical investigation of the so-called lime-sulphur 
wash, the results of which are given in this bulletin, was under- 
taken in response to numerous inquiries that were coming to 
the Station in increasing number. Many of the questions 
called for chemical knowledge and there were frequent consul- 
tations between the Entomologist and the Chemist of the 
Station. At the request of the former, it was decided to un- 
dertake a study of some of the fundamental points connected 
with the chemistry of the lime-sulphur wash. To meet the con- 
ditions, the investigation has been directed along two gen- 
eral lines: (1) A study of the details of the operation of 
making the lime-sulphur mixture, and of the composition as 
influenced by conditions of preparation; (2) a chemical exami- 
nation of the commercial preparations that have been exten- 
sively purchased by fruit-growers. 

In connection with the first point, it may be stated that many 
who had been preparing the mixture at home failed to secure 
a uniform product at all times, and, consequently, the results 
of the applications varied greatly at different times. In con- 
Sequence of this lack of reliable uniformity, many became dis- 
couraged and lost all confidence in home-made preparations, 
especially the concentrated forms. They were then in a frame 
of mind to make use of commercial preparations. These had 
not been used long before questions began to be raised about 
the efficiency of one brand as compared with another. For ex- 
ample, some preparations were clear, free from sediment and 
retained this condition a long time; some were full of an olive- 
green, muddy-looking sediment and some, on standing, became 
filled more or less in time with crystalline deposits containing 
much sulphur, weakening to that extent the solution of sul- 
phur compounds. These differences could not fail to attract 
attention. The manufacturers of the brands that contained 
much sediment claimed, without proof, that this muddy, solid 
matter really added to the effectiveness of the mixture as a 
scalecide, while the contrary claims were made by manufac- 
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turers whose mixtures were free from sediment. Under the 
circumstances, the fruit-growers were greatly confused and 
came for help to the Entomologist of the Station. In this way 
the general problems for investigation became definite. 

The specific points studied are the following: (1) The liquid 
portion of lime-sulphur preparations, (2) the sediment, (3) the 
influence of purity of lime on the composition and yield, (4) 
the influence of magnesium oxide in lime on the results of the 
preparation, (5) the influence exerted by length of time and 
temperature of heating, (6) effect of adding lime and mag- 
nesium oxide to diluted mixtures. 

The results of the most extensive and careful chemical inves- 
tigations previously carried on in this field are presented by 
Haywood in Bulletin 101, U. S. Dept. Agr., Bureau of Chemis- 
try (1907), and by Thatcher in Bulletin 76 of the Washington 
Station. 


CHEMISTRY OF THE LIME-SULPHUR PREPARATION. 

Before taking up the details of the results of our investiga- 
tion, it is desirable to present a brief consideration of certain 
chemical facts to serve as a foundation for the discussion of 
the results. In connection with this preliminary treatment, we 
shall to some extent anticipate some of our results for the 
sake of illustrating certain statements. 


COMPOUNDS OF CALCIUM AND SULPHUR. 

Calcium is known to form several different compounds with 
sulphur. When a mixture of lime (calcium oxide, CaO) or of 
freshly slaked lime (calcium hydroxide, CaO,H,) and sulphur 
are suspended in water and heated, chemical combination takes 
place; the calcium of the lime combines with the sulphur. One 
peculiarity of the combination of calcium and sulphur is that a 
definite amount of calcium can combine with varying amounts 
of sulphur to form the several different compounds known. 
The numerical combining relations of calcium and sulphur are 
such that 5 parts by weight of calcium (equivalent to 7 parts 
of pure calcium oxide) combine with 4 parts of sulphur or 
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some multiple of 4, as 8, 12, 16, 20, etc. Just how many of 
these compounds may actually be formed, we do not know. 
Theoretically, it is possible to have, at least, the following 
compounds of calcium and sulphur: 


CALCIUM SULPHIDES. 








Parts of Parts of Parts of 
calcium sulphur S for Chemical 





(Ca) by (S) by one part formula Name. 
weight. weight. of Ca. 
| 
Ca S) 

ee TiO th: MME 5 4 i! 0.8 Cas Calcium mono-sulphide 
Ge Sa ne 5 8 1 :1.6 CaSe " di- 5 
Bie aes On 5 119. 1 see A. CaS; ze tri- * 
SOP te. ahs 5 16 1 foie CaS. _ tetra- 7 
Lares ek ae ee 5 20 1 4.0 Cas; . penta- “ 








It will be noticed that the names indicate the relative 
amounts of sulphur in combination. The general name, 
polysulphides of calcium, is often applied to the members of 
this series above the first. Most of these compounds can be 
made, but not all are of practical interest in connection with 
the lime-sulphur preparation. 

When lime and sulphur are boiled together in water, some of 
the compounds mentioned above are formed; the kinds and 
amounts of the compounds thus prepared depend chiefly upon 
the proportions of lime and sulphur, fineness of division, length 
of time the mixture is boiled, etc. The compounds which ap- 
pear to be present in largest amounts in the freshly prepared 
concentrated wash are the fourth (CaS,) and fifth (CaS,). 
These are easily soluble in water, producing an orange-red 
liquid. According to the explanation most generally accepted, 
it is believed that these are the compounds which are most 
efficient in killing scale-insects and that probably the one 
higher in sulphur (CaS,) is more effective that the the lower 
(CaS,), though it is not yet clearly established in just what 
manner the insecticidal action takes place nor to what specific 
compound or compounds it is due. 

The simplest compound of calcium and sulphur (CaS), the 
monosulphide, is a grayish-white solid and is not easily soluble 
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in water. It probably does not appear at all in the operation 
of making the lime-sulphur wash, because it decomposes easily 
in boiling water, and would, therefore, if formed at all, be 
changed quickly into some other compound. 

The higher sulphides of calcium, especially the pentasulphide 
(CaS,;), are most conveniently formed when lime (calcium 
oxide, CaO) and water, or calcium hydroxide (CaO,H,), are 
boiled with an excess of sulphur. By an excess of sulphur is 
meant more than enough to combine with the calcium of the 
lime compound; in the case of pure materials sulphur would 
be in excess when one uses over 100 pounds for about 44 
pounds of pure lime (calcium oxide) or 58 parts of pure slaked 
lime (calcium hydroxide). 

When the higher sulphides of calcium (CaS,;) and (CaS,) 
are formed in the preparation of the lime sulphur wash, there is 
also formed at the same time another sulphur compound, 
which is called calcium thiosulphate (CaS,O,) ; and this latter 
compound, on boiling, changes into calcium sulphite (CaSQO,) 
and free sulphur. The sulphur thus free is in condition to com- 
bine with more calcium. Calcium sulphite slowly changes into 
calcium sulphate on exposure to air. These two latter com- 
pounds, sulphite and sulphate of calcium, are not easily sol- 
uble and are therefore found in the sediment or undissolved 
portion of lime-sulphur preparations. As will be seen later, 
the most prominent sulphur compound in sediment is calcium 
sulphite (CaSO,). 

It may be stated, in addition, that compounds like calcium 
pentasulphide (CaS,) absorb oxygen on exposure to air and 
slowly change into calcium thiosulphate (CaS,0,) and free 
sulphur. In order to prevent exposure to air and avoid this 
change, the wash, unless it is to be used soon, should be stored 
in full barrels, tightly stoppered as soon as prepared. 

Briefly reviewing the preceding statements, we have seen that 
we have to deal with three kinds of sulphur compounds in con- 
nection with the lime-sulphur wash: (1) Sulphides of calcium, 
chiefly pentasulphide (CaS,;) and tetrasulphide (CaS,); (2) 
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calcium thiosulphate (CaS,O,), formed in the process of mak- 
ing the wash and also after the wash is prepared if exposed to 
air for some time; and (3) calcium sulphite (CaSO,), formed 
from thiosulphate by taking up oxygen. 


COMPOUNDS OF MAGENESIUM AND SULPHUR. 


Since commercial lime frequently contains considerable 
amounts of magnesium oxide, it is interesting and important 
to know that magnesium does not easily form compounds with 
sulphur like those formed by calcium and cannot therefore 
take the place of calcium. Moreover, magnesium oxide, when 
boiled with water and sulphur, acts as an undesirable agent 
in causing an actual waste of sulphur during the operation of 
preparing the mixture. This is due to the fact that, when 
magnesium hydroxide is boiled with water and sulphur, it 
forms what is known as magnesium sulphydrate (MgsS,H.,), 
which easily decomposes, producing the familiar gas, hydrogen 
sulphide (H.S), known also as hydrosulphurie acid and sul- 
phuretted hydrogen, familiar about sulphur-springs on account 
of its characteristic odor. In the preparation of the lime- 
sulphur mixture with commercial lime containing considerable 
amounts of magnesium oxide, it has been noticed that the of- 
fensive odor of hydrogen sulphide is very prominent over the 
boiling mixture in the kettle. In such cases the same odor 
may be noticed in orchards just sprayed with a lime-sulphur 
mixture prepared with impure lime containing magnesium 
oxide. The sulphur thus converted into hydrogen sulphide gas 
is lost and the preparation contains smaller amounts of the 
desired higher polysulphides of calcium. 

Attention should be called to the fact that hydrogen sulphide 
gas is poisonous when inhaled. One case of poisoning by in- 
halation of this gas during preparation of the lime-sulphur 
mixture has come under our observation. The illness, while 
not serious or prolonged, was uncomfortable. One of the Sta- 
tion employees who has charge of preparing the lime-sulphur 
mixture has stated that during the days he is engaged in this 
work he experiences marked loss of appetite. We believe that 


360 Report oF THE CHEMIST OF THE 


the disturbing effects noticed are the result of inhalation of 
hydrogen sulphide gas given off during the preparation of the 
lime-sulphur mixture and that the formation of the gas is due 
to the use of lime containing magnesium oxide. 

It may be stated also that when magnesium oxide is added 
to a concentrated mixture of calcium pentasulphide (Ca’S,), 
which is usually the chief constituent of the lime-sulphur prep- 
aration, hydrogen sulphide gas is formed, resulting in loss of 
calcium pentasulphide. 


METHODS OF ANALYSIS. 

For the benefit of those interested in the analytical methods 
employed in obtaining our results, we give a brief outline. Con- 
Stituents other than sulphur were determined by the methods 
in common use. (1) Zotal sulphur in solution is determined by 
oxidizing to sulphate with alkaline solution of hydrogen per- 
oxide, following in essential details the Avery method (U. 8. 
Dept. Agr., Bureau of Chemistry, Bul. 107, p. 34). The use of 
bromine as an oxidizing agent was carefully tried but the re- 
sults were less satisfactory. (2) Thiosulphate sulphur in solu- 
tion is determined by the ammoniacal zine chloride method. 
(U. 8S. Dept. Agr., Bureau of Chemistry, Bul. 101, p. 9.) (3) 
Sulphide sulphur in solution is found by subtracting the 
amount of thiosulphate sulphur from total soluble sulphur. 
(4) Free sulphur, as in sediment, is determined by extraction 
with carbon bisulphide in the usual manner. (5) Sulphite 
sulphur is estimated by treatment with excess of standardized 
iodine solution, titrating excess with standardized solution of 
sodium thiosulphate. 


EXPERIMENTAL WORK. 

In the work carried on here, a study has been made of 
various points connected with the preparation of the lime- 
sulphur mixture with special reference to the difficulties ex- 
perienced by fruit-growers in making their own concentrated 
solutions. Among the questions thus raised, we mention the 
following: (1) Why do home-made preparations often vary so 
much in concentration when prepared at different times? 
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(2) What proportions of sulphur and lime and water give the 
largest amount of soluble sulphur in the form of sulphides of 
calcium? (3) How is the amount of soluble sulphide sulphur 
influenced by heating the mixture under different conditions, 
such as length of time, degree of temperature, etc.? (4) Why is 
it that home-made preparations contain less sulphur in solution 
than the best commercial preparations? (5) Does the purity of 
the lime used affect the amount of soluble sulphide sulphur? 
(6) When a concentrated solution is diluted and mixed with 
lime, is the amount of soluble sulphide sulphur affected? 
(7) Can the undissolved portion remaining after making the 
lime-sulphur mixture be used again? 

In presenting the results of our investigation, we shall con- 
sider, in most cases, the following points: (1) Specific gravity 
or density (including degrees Beaumé). (2) Amount of solu- 
tion and of sediment. (3) Color of solution and of sediment. 
(4) Composition of solution in respect to calcium and differ- 
ent forms of sulphur compounds. (5) Composition of sedi- 
ment in respect to calcium, magnesium and different forms of 
sulphur. 


EXPERIMENTS WITH DIFFERENT FORMULAS. 


After some preliminary experiments, it was decided to use 
varying amounts of lime for a given amount of sulphur. The 
special object was to ascertain what proportions of lime and 
sulphur, other conditions being the same, would give the 
largest amount of calcium sulphides in solution and especially 
the largest amount of calcium pentasulphide (CaS,;). These 
experiments were performed in the laboratory on a compara- 
tively small scale; but large quantities were made later to test 
the results of the laboratory experiments and these experi- 
ments on a large scale will be described by the Station Ento- 
mologist in another bulletin. 

The following proportions of lime and sulphur were used: 
(1) Sulphur, 125 pounds, lime, 52 pounds; (2) sulphur, 125 
pounds, lime, 60 pounds; (3) sulphur, 125 pounds, lime, 65 
pounds. 
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In the laboratory experiments pure lime (calcium oxide) 
was used. The amount of lime theoretically required to com- 
bine with 125 pounds of sulphur to form calcium pentasulphide 
(CaS,) in largest amounts is about 60 pounds. It is seen, then, 
that in the first formula, the lime was not sufficient in amount 
to combine with all the sulphur. In the second formula the 
proportions are about those called for by theoretical consider- 
ations, while the third formula represents proportions that give 
more lime than is needed to form calcium pentasulphide. 

The mixtures were made up to the equivalent of 50 gallons 
by the addition of water. At the same time, experiments were 
made in the case of each formula to ascertain the effects of 
boiling the mixture for varying periods of time, 45, 60 and 90 
minutes. In order to avoid too great duplication of tabulated 
data, we give all the results together, discussing them sepa- 
rately as far as practicable. In comparing the results in the 
following tables, one must, of course, take into consideration 
the length of boiling and, in studying the different formulas, 
compare the results of experiments in which the boiling was 
carried on for the same length of time. This is facilitated by 
the manner in which the experiments are numbered. 

(1) General character of preparations made. Below we give 
in tabulated form under each of the formulas used (1) the 
specific gravity and degrees Beaumé of the mixtures with and 
without the sediment or undissolved material and (2) the 
amounts of solution and sediment. 

In this connection, we will call attention to the observed 
color of the solution and sediment. The clear solutions were 
much alike in color, appearing orange-red or reddish-yellow 
when seen in a quart fruit jar; when seen in deeper layers, the 
color appears a deep claret. The color of the sediment was 
practically the same in all cases. As seen in the mixture, the 
sediment appears olive-green; but when removed, washed and 
dried, it appears white or grayish white. When a sample of 
the dried white sediment is again mixed with some of the clear 
solution, it soon acquires an olive-green color. Therefore, the 
color of the sediment, as seen in the lime-sulphur mixture, is . 
due to the combined color of solution and solid. 
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Tasre I.— Spkciric Gravity or MIxTuREsS; AMOUNT OF SOLUTION AND 
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The data indicate that the specific gravity in the mixture of 
Solution and sediment increased with the increased amount of 
lime used. In the clear solution, the tendency of the specific 
gravity is to increase with increased amounts of lime, indicat- 
ing a greater concentration of solution as noticed later. 

(2) Composition of solution.—In the table following, we give 
the percentages of the important constituents of the clear solu- 
tion. The percentage of calcium in combination with sulphides 
is calculated by subtracting from the total amount of calcium 
in solution the amount of calcium in combination as thiosul- 
phate. 


TABLE JJ.—- PERCENTAGES OF CONSTITUENTS IN SOLUTION. 
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In studying the data embodied in Table II, we notice the 
following points of interest: 

(1) The total amount of sulphur in solution, as well as the 
amount of sulphur in sulphide form, tends to increase with the 
use of increased amounts of lime. 

(2) The amount of thiosulphate sulphur shows a tendency 
to be smaller when larger amounts of lime are used. We shall 
see later, in studying the composition of the sediment, that 
more sulphite sulphur is usually formed when increased 
amounts of lime are used. This indicates that more or less 
thiosulphate sulphur has been changed into sulphite sulphur 
and that in reality more thiosulphate has been formed than is 
indicated by the figures given in Table II. 

(3) The amount of calcium in combination in the form of 
soluble sulphides increases when the proportion of lime used 
increases. 

(4) The amount of sulphur for one part of calcium is least 
when the largest proportion of lime is used. Referring to the 
statements made on page 357, we have noticed that when a sul- 
phide of calcium is pure pentasulphide (CaS,), it contains 
four parts by weight of sulphur for one of calcium. When the 
ratio is lower, there is less calcium pentasulphide and more 
tetrasulphide (CaS,) and in some cases there is probably an 
admixture of soluble sulphides containing still less sulphur 
(CaS,, CaS,). Of course, the increase of calcium in solution 
may be accounted for to a small extent by the presence of 
calcium hydroxide (CaO,H,), which is present when an excess 
of lime is used. If the solubility of calcium hydroxide is no 
greater in the lime-sulphur wash than in water, the amount is 
practically negligible for our purposes. Referring to the last 
column in Table II, it is seen that when the smallest amount 
(52 pounds) of lime is used, the ratio of calcium to sulphur 
indicates in two experiments (1-a and 1-c) a calcium sulphide 
corresponding very closely in composition to the pentasulphide 
(CaS.). In experiment i-b, the ratio is about that required 
for the tetrasulphide (CaS,). Why the results of this experi- 
ment differ so markedly from the other two, we are not able 
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to state. In the case of experiments 2-a, 2-b, 2-c, when we 
used 60 pounds of lime, the calcium sulphide appears to be 
largely pentasulphide in two cases and a mixture in the other, 
with the tetrasulphide predominating. When the largest 
amount (65 pounds) of lime was used, the tetrasulphide ap- 
pears to be the only form present, so far as the ratio indi- 
cates anything, since we have about 3.2 parts of sulphur for 
one of calcium. In this case, it is noticeable, as already stated, 
that we have the largest amount of sulphide sulphur in solu- 
tion. From these results, it appears, according to our interpre- 
tation, that a considerable excess of lime gives a larger yield of 
Soluble sulphide sulphur but that this is largely or wholly 
tetrasulphide (CaS,); in other words, the increased yield of 
sulphide appears to be at the expense of the pentasulphide 
(CaS,;), which is supposed to be more efficient as a scalecide 
than the tetrasulphide. 

(3) Composition of sediment.—The more important con- 
stituents of the sediment in these experiments are the different 
forms of sulphur and the calcium. In the sediment or undis- 
solved portion, we find uncombined or free sulphur, and sul- 
phur combined in the forms of calcium sulphite (CaSO,) and 
calcium sulphate (CaSO,). The various percentages are 
tabulated below. The specific gravity of the sediment varied 
considerably according to composition; it averaged about 2.5, 
one gallon weighing about 20 pounds. 


TAere IIJ.— PERCENTAGE OF CONSTITUENTS IN SEDIMENTS. 
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The data in the preceding table suggest (1) that when the 
smallest amount of lime is used, the sediment consists more 
largely of uncombined sulphur; (2) that the amount of sulphite 
sulphur tends to increase with the amount of lime used; (3) 
that the amount of sulphate sulphur is usually insignificant. 

(4) Relative efficiency of different formulas.— By efficiency 
in this connection we mean the strength of a lime-sulphur 
wash in respect to the calcium pentasulphide (CaS,) present. 
This definition is based on the hypothesis that calcium penta- 
sulphide is the most effective compound in the golution for 
killing scale-insects. On this hypothesis therefore, it is desir- 
able to have in the lime-sulphur preparation the largest possi- 
ble amount of this compound. A _ consideration of the 
composition of the solution and sediment does not by itself 
serve fully to give us a complete idea of the relative efficiency 
of the different formulas used in preparing the lime-sulphur 
mixture. This can be definitely brought out only by ascertain- 
ing the amount of sulphur in different forms and of lime ap- 
pearing in the solution and sediment, as compared with the 
amount of the two constituents used. For example, we used in 
every case 125 pounds of sulphur; now, it is desirable to know 
what became of this amount,— how much went into solution in 
different forms and how much went into the sediment either as 
unchanged sulphur or in combination. It is instructive to fol- 
low in a Similar manner also the distribution of the lime in the 
solution and in the sediment or undissolved portion. Results 
are presented in the following table in such a way as to enable 
us to gain this information approximately. If our results 
were absolutely accurate, we should be able to show that the 
amount of lime and of sulphur in the dissolved and undis- 
solved portions are just equal to the amounts used; but owing 
to the difficulty of taking strictly accurate samples of the sus- 
pended materials and to imperfect methods of analysis, some 
discrepancies inevitably appear, though not sufficiently serious 
to impair the value of the results obtained. 
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An examination of Table IV below suggests the following 
summarized statements: (1) The amount of sulphide sulphur 
in Solution increases generally when the amount of lime. used 
increases. (2) The use of increased amounts of lime appears 
to result generally in the production of smaller amounts of 
thiosulphate sulphur but somewhat larger amounts of sulphite 
sulphur, as already pointed out (p. 364). (3) The amount of 
lime in solution is notably increased by use of larger amounts 
of lime. (4) The amount of sediment is usually somewhat 
greater when larger amounts of lime are used. (5) The amount 
of free sulphur in sediment is notably less when larger amounts 
of lime are used. (6) The amount of lime in sediment is 
usually greater when increased amounts of lime are used. 


TABLE I1V.— AMOUNTS OF SULPHUR AND OF LIME IN SOLUTION AND IN 
SEDIMENT. 


In solution (from 50 gals. of mixture). In sediment. 
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The facts can be made still more readily comparable by con- 


sidering in more detail two particular points: (1) The relative 
distribution of sulphur as sulphide and thiosulphate and as 
combined sulphur (sulphite and sulphate) in sediment; (2) 
the relative amounts of calcium polysulphides (CaS, and 
CaS.) present in solution. These points we will now 
consider. 
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TABLE V.— SHOWING RELATIVE DISTRIBUTION OF SULPHUR COMPOUNDS 
IN SOLUTION AND SEDIMENT. 
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In the third column, we give the number of pounds of sul- 
phur in solution for every 100 pounds of sulphur used; in the 
next column, we give the proportion of the 100 pounds of sul- 
phur used which is in solution as sulphide sulphur; and, in the 
next column, the proportion appearing as thiosulphate sulphur. 
In the last column, we give the proportion of the total sulphur 
used which appears in the sediment as combined sulphur (sul- 
phite and sulphate). To illustrate, we find in experiment 1-a 
that, for 100 pounds of sulphur used, 87.8 pounds go into solu- 
tion; this amount being made up of 71.5 pounds of sulphide 
sulphur and 16.3 pounds of thiosulphate sulphur; while the 
amount of combined sulphur present in the sediment is 0.4 
pound. 

We find, in general, that with the use of increased amounts 
of lime, larger proportions of the sulphur used go into solution 
and apparently smaller proportions of thiosulphate sulphur. 
As presented in Tables IV and V the data indicates, in 
general, that when the amount of thiosulphate sulphur de- 
creases in the solution, the amount of sulphite sulphur in the 
sediment increases. Unless this fact is considered, the natural 
inference in examining the data is that when greater amounts 
of lime are used, smaller amounts of thiosulphate sulphur are 
formed, and that, therefore, just so much more sulphur ap- 
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pears or should appear as suJphides. While less thiosulphate 
appears with the use of larger amounts of lime, the difference 
is really less than appears, because some of the thiosulphate 
changes into sulphite sulphur and appears in the sediment as 
insoluble calcium sulphite and sulphate. It is noticeable that 
the combined sulphur in the sediment increases usually when’ 
thiosulphate decreases, though the amounts changed are not 
equivalent, owing probably to imperfections in methods of 
analysis. This change of thiosulphate into sulphite sulphur 
takes place easily and attention has already been called to it 
(p. 364). 

Taking up the second point mentioned above, viz., the 
amounts of higher sulphides (CaS, and CaS,) present in solu- 
tion, we have seen that, in the compound containing more 
sulphur (CaS,), we have 4 parts by weight of sulphur for one 
part of calcium; and, in the compound containing less sulphur 
(CaS,), we have 3.2 parts of sulphur for one of calcium. If 
we assume one or both of these two compounds to be the only 
sulphides of calcium present in solution, we can calculate the 
respective amounts of each. This has been done and the re- 
sults are presented in the table following. 


TABLE VI.— PROPORTIONS OF CALCIUM PENTASULPHIDE (CAS,) AND 











TETRASULPHIDE (CAS,) IN SOLUTION. 
Percentage|Percentage | Amount Amount 
Formul febunin|fulpeuttin plea nage Hie 
ormula. : sulphur in } sulphur in | sulphide sulphide 
eee Sheree solution solution (CaS.) | (CaSs) 
ent to-sulphur.| Present as | present as in 50 in 50 
ota A D : tetra- penta- gallons gallons 
Sulphur. Lime. sulphide | sulphide of of 
(CaS,4). (CaS;). solution. solution. 
Lbs LOS? eG S Per ct. Perce Lbs. Lbs. 
tan 25 ay 1 aye Ve 16.7 83.3 1520 89.4 
1-b ss ar 1 Bho Lhe 100.0 00.0 84.0 00.0 
1—¢ iy od 1 3.96 li Pos 94.7 4.9 88.1 
Gre Me BASS 60 1 3.68 40.0 60.0 40.1 60 .2 
2-—b sf ¥ 1 3.86 16.7 Sono 1b ta) Simo 
2-¢ f & i hance hay 18) (axe ys) (0) 78.8 D602 
Suan Loo 65 1 ols 100.0 00.0 93 .4 00.0 
3-b cS s ices och 100.0 00.0 114.4 00.0 
3-C ¥ 4 1 el 100.0 00.0 Fise3 00.0 
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On the basis of the data presented in this table, it is seen 
that the largest amount of the higher sulphide (CaS,) is pro- 
duced when the least amount of lime is used or, stated another 
way, when the sulphur is in excess compared with the lime. 
When the largest amount of lime is used, the sulphide appears 
to be entirely in the form of calcium tetrasulphide (CaS,). 
While the largest yield of sulphide sulphur comes with the use 
of the largest amount of lime, the compound formed is ap- 
parently all tetrasulphide; and when the least amount of lime 
is used, less sulphide is formed but a larger proportion of it is 
pentasulphide. As previously stated, it is at present supposed 
that the pentasulphide has more powerful insecticidal proper- 
ties than the tetrasulphide, though we must regard this view 
as a Supposition and not as yet experimentally established. 


EXPERIMENTS IN BOILING LIM£-SULPHUR MIXTURE FOR DIFFERENT 
LENGTHS OF TIME. 

The effect of heating lime-sulphur mixtures was tested with 
the three different formulas previously considered. The special 
points to be noticed are the amounts and composition of solu- 
tion and sediment. From the data already presented, we have 
selected those contained in the following table to cover the 
points of special importance. 


TABLE VII.— EFFECT OF BOILING FOR DIFFERENT LENGTHS OF TIME 
ON LIME-SULPHUR MIXTURE. 






















































































Solution. Sediment. 
Formula. Time Su] oe ; State 
of Sires Ma gh ve hte Aime ine 
boil- Wt Heal as as noe Wt pis phur Lime 
ing. , sitet: $B he SUL Bh inse , hursi ee oman 
Sul- hides | SUl-_ | phide. : e phite 
phur. Lime. PAICES | phates. etc.) 
Lbs Lbs. | Min. | Lbs. Los. | Los. | Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
125 ay 45 | 518.4} S924) 6:20 23il\e 33. Ol SO EL 16.6 1228 0.5 2.9 
5 - 60° | 51250] G84 Ol PLGeol or time Oo. Cine 20) a) meee ded 3.8 
os x 90 | 491.0} 93.0 Sf ikoeee 40.4] 36.0 8.6 Gsdl lone 
125 % 45 36513).0| LOO Zo ly ke cole oo? dian Onc leme Oreo te Lea aarti | 
¢ " 60 | 509.0} 105.0 O20) 38 lik 426.0lee co 30 0.9 > 9|=aton 
3 . 90 | 504.0] 105.0 7.8} 43.2] 50.0] 37.0 ee 7, Ol 1654 
125 ; 45 0) 4527.0) 9005 4160 21 Olen lel ee OO mbin ce 20),0 6.0 120 9.5 
‘. 60 | 519.3] 114.4 DH Ole aie DOsol ol we 0.1 2} Valeo 
2 f 901550930) 113.0 G26) B49 Ae oo e242 5 O.2ist0a 21.0 
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The results embodied in the preceding table are summarized 
as follows: 

(1) Weight of solution and sediment.— In every case, in- 
creased length of boiling decreases the weight of the completed 
solution and increases the amount of sediment. 

(2) Sulphur as sulphides.— In general, boiling the mixture 
for one hour produces the largest amount of soluble sulphides, 
especially when larger amounts of lime are used. 

(3) Thiosulphate and sulphite sulphur.— Increased length of 
boiling results in the appearance of smaller amounts of thio- 
sulphate in solution. In general, we should expect larger 
amounts of thiosulphate, due to prolonged exposure at boiling 
temperature to the action of atmospheric oxygen. Larger 
amounts of thiosulphate are actually formed but a consider- 
able amount changes into sulphite sulphur and appears in the 
sediment as calcium sulphite along with some free sulphur. It 
is necessary to boil the solution long enough to change the 
thiosulphate first formed into sulphite and free sulphur; the 
free sulphur thus formed is utilized, being redissolved and con- 
verted largely into sulphide sulphur. . Boiling for one hour in 
the presence of sufficient lime appears to be long enough in 
general to reduce thiosulphate to a relatively small amount 
and thus utilize the sulphur more largely as sulphide. 

(4) Lime in solution— The amount of lime in solution ap- 
pears usually to decrease with length of boiling, due to change 
of calcium thiosulphate into insoluble calcium sulphite. 

(5) Free sulphur in sediment.— In general, the amount of 
free sulphur in sediment is greatest when the boiling of the 
mixture is shortest. This is due, as would be expected, to in- 
complete action of lime on sulphur and is noticeably greater 
when the amount of lime used is least. 

(6) Combined sulphur in sediment.— The sulphur in sed1- 
ment, combined largely ag calcium sulphite (CaS,), with small 
amounts of sulphate (CaS,), increases with the length of boil- 
ing. As already pointed out, this comes largely or wholly from 
the change of calcium thiosulphate (CaS,O,) into calcium 
sulphite and free sulphur. 
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(7) Lime in sediment.— The amount of lime in sediment in- 
creases with the time of boiling; this naturally accompanies 
the formation of calcium sulphite, which, being insoluble, 
appears as a part of the sediment and usually as a very large 
part of it. 


ANALYSIS OF HOME-MADE PREPARATIONS, 


In order to ascertain the composition of some lime-sulphur 
washes which had been prepared under the direction of the 
Station Entomologist and used in regular work, analysis was 
made of preparations made according to two formulas. We 
may regard these as representing home-made preparations of 
a good type. : 

Samples 13, 14 and 15 represent concentrated preparations 
made with 125 pounds of sulphur, 65 pounds of commercial 
lime (containing 79.4 per ct., equal to about 52 pounds, of cal- 
cium oxide), and enough water added to make 50 gallons of 
completed mixture. In spraying, this solution is diluted with 
8 or 9 parts of water. Samples 16, 17 and 18 represent prepa- 
rations made by the old standard formula, 15 pounds of sul- 
phur, 20 pounds of commercial lime (containing about 16 
pounds of calcium oxide), and enough water to make 50 gallons 
of mixture; this kind of mixture is used in spraying without 
further dilution and without removal of sediment. Prepara- 
tions 13-15 contained small amounts of sediment, since the 
solution was drawn from the kettle into barrels after the 
coarse portion of the sediment was allowed to settle and while 
there was more or less fine matter still in suspension. 

(1) General character of home-made preparations.— The fil- 
tered solution was reddish-golden in case of the concentrated 
preparations and golden-yellow in case of the dilute. The 
sediment, as seen in the mixture, was olive-green in color in the 
concentrated preparations and light-vellow in the dilute. The 
degrees Beaumeé in the concentrated mixtures (13-15) varied 
from 25.2 to 29.2. 

(2) Composition of home-made preparations.—— The data 
under this head will be presented in two tables, giving (1st) 
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the percentage composition and (2nd) the composition by 
pounds in 50 gallons of mixture. The figures given are for the 
mixture of solution and sediment. 


TABLE VIII.— PERCENTAGE COMPOSITION OF Homer-MApDE PREPARATIONS. 


No. of Rue Calcium Ratio 
prepara- Formula. as LS SS REA ine}, of calcium 
tion In form In form combination | to sulphide 
: Sulphur Lime of of thio- as sulphides. sulphur. 
sulphides. sulphates. 

Lbs. Lbs Per ct. Cre Ber Cte Ca mops! 
1S} 125 65* ileieal 2 4.1 Il Se) ae 
14 . s 1158 32 3.9 ik p Shoe 
ve as G ie) 2.9 4.1 bia 2 
16 15 20 T 2.4 ily 1.4 Teese linea) 
il7e “ BA 1.0 1.5 1 a 1 
18 i Me L.9 1.4 ah ral al e/ 


* Containing about 52 pounds of calcium oxide. Containing ahout 16 pounds of 
calcium oxide. 


TABLE IX.— PoUNDS or CONSTITUENTS IN 50 GALLONS or SOLUTION, 

















Sulphur. ; 
ees = Lime, YY 

No. elgnt In form mae oN 

of Formula ae is Inform! of ree a 

prep- ee In form] of sul- | Free fae 7 

ara- mixture Total | of sul- | thio- phite sul- 50 50 
tion. | Sul- phides sul- and phur aon allous 
phur. Lime. phate. | sul- & Se ; 

phate 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs Lbs. Lbs. Lbs 
ee L2 65* | 522.0 | 86.8 68.5 1635 1m 0.7 48.0 23.0 
14 ue a 514.0 | 82.9 64.3 16.2 0.2 Diet 46.0 20 .0 
15 ~ 151 0}5 Jan a at = YO 65.8 14.7 0.2 1.3 43.2 HO 
16 ey 20e FR 443e 5 ere 15oe9 10.4 4.8 — —_ 18.7 Es ets 
ei ms 443.0 | 15.5 LOv2 4.6 =a — 19.0 13.5 
18 " “3 443 .0 15.8 8.6 6.4 es — 18.8 I3h5 


* Containing about 52 pounds of calcium oxide. fContaining about 16 pounds of 
calcium oxide. 


The questions of special interest in connection with the prep- 
arations under discussion are the following: (1) How does 
the amount of sulphides produced in relation to the amount of 
sulphur used compare with the same relations in experiments 
1—a, 1—b, etc.? (2) What is the relative efficiency in respect to 
sulphides produced in preparations 15-15 as compared with 
preparations 16-18? We can obtain assistance in answering 
these questions by arranging our data in the following manner: 
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TABLE X.— PERCENTAGE OF SULPHUR USEp CONVERTED INTO SOLUBLE 
SULPHIDES. 


Average percentage 





’ of sulphur Ratio of 
No. of experiments. Formula used converted calcium to 
into soluble sulphide sulphur 
Sulphur. Lime. sulphides. 

Lbs. Lbs. = Perch. Ca” AS 

1—a—1-b—1-c i eds 52 71.0 Le 2.30) 
2-—a—2-—b—2-c 4 60 82.7 1 ee 
3-—a—3-—b—3-c rs 65 85.6 1 see 
13—14—15 % 52 ba 0 I eRe) 48, 
16—17—18 ss 16 65.0 f Wins 9a Bi 825° 





From a study of the three tables preceding (VIII, LX and 
X), we notice the following points: 

(1) The preparations represented by numbers 13-15 are 
shown to contain the smallest amount of sulphide sulphur in 
proportion to the amount of sulphur used in making the mix- 
ture. The same proportions of sulphur and lime were used in 
these experiments as in 1—a—b—c. The difference is due largely 
to the presence of magnesium oxide in the commercial lime 
used in preparations 13-15, the lime used in the other work 
being strictly pure. Experiments 16-18 show less soluble sul- 
phide in proportion to sulphur used than we should expect, 
due probably to the presence of magnesium oxide in the lime 
used. 

(2) When we compare the results of the various experiments 
with reference to the ratio of calcium to sulphur, we find that 
in preparations 13-15 the sulphide appears to be tetrasulphide 
of calcium (CaS,). In preparations 16-18, the ratio of sul- 
phur to calcium is abnormally low, indicating the presence of 
calcium disulphide (CaS,) for the most part and little or no 
sulphide containing more sulphur. While this condition can 
not be authoritatively explained on the basis of any work done 
by us, it is suggested that in using lime containing magnesium 
oxide with so large an amount of water, the higher polysul- 
phides (CaS, and CaS,) were decomposed and the disulphide 
(CaS.) formed, together with free sulphur. 

(3) In comparing preparations 13-15 and 16-18, it must be 
kept in mind that the former are concentrated and before being 
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used are diluted by adding 8 gallons of water to one gallon of 
concentrated mixture, while preparations 16-18 are applied 
without further dilution. Under these circumstances, it will 
be seen that the application of sulphide sulphur is considerably 
greater in the case of mixtures 16-18. This can be conveniently 
shown as follows: 


Amount of 
sulphide sulphur 


No. of preparation. Formula. in BO vaallons 
of mixture 
Sulphur. Lime. ready for application. 
Lbs. Lbs. Lbs. 
13-15 125 2 ieoD 
16-18 15 16 9.75 








These figures indicate that in applying mixture 16-18, about 
25 per ct. more sulphide sulphur is used than in case of 13-15. 

(4) It is also noticeable that the proportion of thiosulphate 
sulphur is much greater in preparations 16-18 than in 13-15, 
when the comparison is based on the mixtures properly diluted 
for application: Thus, in 50 gallons of mixtures 16-18, we 
have an average of 5.3 pounds of thiosulphate sulphur; while 
in, the diluted‘form, 50 gallons of preparations 13-15 contain 
about 1.8 pounds of thiosulphate sulphur, or about one-third 
the amount present in mixtures 16-18. 


EFFECT OF ADDING LIME TO DILUTED LIME-SULPHUR SOLUTION. 


The practice of diluting a concentrated lime-sulphur solution 
and adding lime just previous to making application to trees 
is common. The question has been raised as to what, if any, 
effect this might have upon the composition of the sulphur com- 
pounds in solution, especially the calcium polysulphides. For 
the purpose of studying this question concentrated lime-sul- 
phur solutions were diluted with water in the proportion of 8 
gallons of water to one gallon of concentrated solution, and to 
50 gallons of the diluted mixture there were added 10 pounds 
of commercial lime. 
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Without giving the detailed analytical data, it will suffice 
for our purpose to indicate the changes in the form of pounds 
of constituents in 50 gallons of dilute mixture with and with- 
out addition of lime. Four different concentrated solutions of 
the lime-sulphur wash were diluted and treated in the manner 
indicated. The solutions used were free from sediment. In the 
table following, we give the results in such form as to show 
what changes occurred in the soluble sulphur compounds. 


TABLE XI.— EFFECT OF ADDING LIME TO DILUTE LIME-SULPHUR WASH. 









































eS heer Percentage. 

in solution. of total sulphur. 

+ aot Sul- Ratio of 
No. poe phur is peur i a ee 
of ex mixture. in In form} form wedlionlo form faren form sulphide 
peri mix- of of ment of at of sulphur 
ment. ture. sul- thio- ; sul- thiosul free » ‘ 

phide. | sul- phide. htt sul- 
phate. Poate) phir. 
Lbs. Lbs. Lbs. Lbs. Canes 

19-4, | Untreated .) 13.25) 1.12.72 |40253},0 96.0 4.0 0 Lesens 
19—b:7j' Treated. : .|.13225 11.10 14:90 |- 0325 83.8 14.3 1.9 122.50 
20-a | Untreated.| 14.40 13e 7 ON TOZOrMsO 95.1 4.9 0 Lsi32o8 
20-—b | Treated...} 14.40 8.50 5.40 | 0.50 59.0 ‘SW hea 5 eo Ls 2486 
21-a | Untreated.| 13.10 P2en0) WO lupo wt Lo 95.8 4.2 0 Los... Gp 
21-b | Treated. ..} 13.10 $2507 143001" 0230 64.9 32.8 Bee 1. St00 
22-a | Untreated.| 13.30 12.40 | 0.90 | O 93 .2 6.8 0 1: 3.64 
22-b | Treated...} 13.30 9580 1 3.20. 1.0.30 TOL 24.0 ee 123210 





In Table XI the amounts of sulphur in various compounds 
is given in pounds for 50 gallons of diluted solution, first with- 
out lime and then after addition of lime in each case. The 
mixtures contained in any given case the same amount of total 
sulphur, of course, before and after treatment with lime, the 
amount of sulphur in the different experiments varying from 
13.10 to 14.40 pounds in 50 gallons of diluted mixture. There 
is also given in each case the amount of sulphide sulphur, 
thiosulphate sulphur and free sulphur, or sulphur in sediment, 
before and after treatment with lime. We also give the per- 
centage of total sulphur in these three different forms before 
and after treatment with lime. In the last column, we give the 
ratio of calcium to sulphide sulphur before and after treatment 
with lime. To illustrate, we take experiments 19-a and b. In 
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the mixture before and after treatment, we have 13.25 pounds 
of total sulphur; of this, we find 12.72 pounds (or 96 per ct.) 
present in the form of sulphides before addition of lime, while, 
after treatment with lime, we find only 11.10 pounds (or 83.8 
per ct.) present as sulphide. Thus, in this case there was a 
decrease of 1.62 pounds of sulphide sulphur. In the case of 
thiosulphate, we have 0.53 pound (or 4 per ct.) of thiosulphate 
sulphur before treatment with lime; after treatment, we find 
1.9 pounds of thiosulphate (or 14.3 per ct.), an increase of 1.37 
pounds. ‘The solution before addition of lime contained no 
free sulphur, but after treatment it contained 0.25 pound or 
nearly 2 per ct. of all the sulphur present in various forms. 

Summarizing the results contained in Table XI, we notice 
the following points of interest: 

(1) The amount of sulphur in the form of sulphides de- 
creased by treatment with lime by quantities varying from 1.63 
to 5.15 pounds and averaging 3.35 pounds. 

(2) The quantity of thiosulphate sulphur was increased by 
treatment with lime, the increase varying from 1.87 to 4.65 
pounds and averaging 3 pounds. 

(3) The amount of free sulphur increased after addition of 
lime, the increase varying from 0.25 to 0.50 pound and averag- 
ing 0.34 pound. 

(4) The ratio of calcium to sulphide sulphur was about 
1:3.60 before addition of lime; after treatment with lime, it 
dropped to an average of about 1:2.5, varying from 1:2.1 
to 1:3. 

While the results are somewhat irregular, and the special 
conditions causing these variations have not been studied, it 
is obvious that treatment with lime in diluted solution causes 
marked change in the character of the sulphide compounds 
present. Apparently, the higher sulphides (CaS,) and (Ca’,) 
more or less largely decompose, forming sulphides containing 
less sulphur in proportion to calcium. 

The chemical reaction explaining these changes is well 
known and has been referred to already. When polysulphides 
of calcium are treated with lime and water (CaO,H,), the 


378 REPORT OF THE CHEMIST OF THE 


higher sulphides decompose, forming lower sulphides, sulphides 
containing less sulphur in combination with calcium, or, stated 
another way, more calcium in combination with sulphur. 

From the point of view now generally held, though not ex- 
perimentally established, that the pentasulphide of calcium 
(CaS,;) is the most effective compound in the lime-sulphur 
wash for destroying scale-insects, it is obvious that the loss in 
efficiency by conversion of this sulphide into lower forms along 
with formation of thiosulphate and free sulphur as a result of 
treatment with lime, may be considerable. Thus, for 100 
pounds of sulphur in a concentrated wash there may be a loss 
of sulphide sulphur ranging from 12 to 36 pounds and averag- 
ing about 25 pounds; and, in addition to this, is supposed loss 
of efficiency by conversion of pentasulphide and tetrasulphide 
into forms of sulphide containing less sulphur. In fact, it can 
be seen that when a lime-sulphur wash is treated with lime be- 
fore application, it is highly probable that little or no calcium 
pentasulphide or tetrasulphide is applied to the trees, but only 
lower forms, together with thiosulphate and free sulphur. This 
whole question of change of efficiency in the lime-sulphur wash 
as a scale destroyer can be determined only by practical work 
on the part of entomologists. 


USE OF SEDIMENT IN MAKING LIME-SULPHUR WASH. 

It has been customary to throw away the portion remaining 
undissolved in the preparation of the lime-sulphur wash. The 
question has arisen as to whether this sediment cannot be used 
again along with more sulphur and lime in making more of the 
sulphide mixture. Our data bearing on the composition of the 
sediment enable us to give some information on this point. The 
sediment consists largely of calcium sulphite (CaSO,), free sul- 
phur, hydroxide and carbonate of lime and, in case of impure 
limestone, more or less hydroxide and carbonate of magnesium. 
When lime of good purity (containing over 90 per ct. of cal- 
cium oxide, and not more than 38 or 4 per ct. of magnesium 
oxide) is used, there will ordinarily be economy in using the 
sediment again, in order to utilize the free sulphur and eal- 
cium hydroxide it contains, In the case of lime containing 95 
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per ct. or more of magnesium oxide, there would be an accumu- 
lation of magnesium compounds in the sediment, and the re- 
sult of using the sediment repeatedly would not be good econ- 
omy. The wise course is to use only commercial lime that is 
free from magnesium oxide or nearly so. 


EFFECT OF USING MAGNESIUM OXIDE IN PLACE OF LIME IN 
THE LIME-SULPHUR MIXTURE. 


In one experiment, magnesium oxide was substituted for 
lime, using 125 parts of sulphur and an amount of magnesium 
oxide equivalent to 65 parts of lime. The mixture thus pre- 
pared contained only a trace of sulphur in solution. Practi- 
cally no reaction took place. The sediment contained 67.37 
per ct. of sulphur, of which 66.73 per ct. was unchanged sul- 
phur, there being a slight amount of sulphite and sulphate sul- 
phur. In addition, the sediment contained about 20 per ct. 
of magnesium oxide. It was noticed that hydrogen sulphide 
(H.8) gas was formed in considerable amounts. 

It is evident, therefore, that magnesium oxide is not an avail- 
able material for making soluble sulphides. When present in 
lime, it not only forms no sulphides but tends to decompose 
and decrease the amount of calcium polysulphides formed, and 
it causes some actual loss of sulphur through the formation 
and escape of hydrogen sulphide gas. In order to secure the 
most economical results in every way in making the lime-sul- 
phur wash, it is highly desirable, therefore, to use lime as free 
as possible from magnesium oxide. 


EFFECT OF ADDING MAGNESIUM OXIDE TO A DILUTED LIME- 
SULPHUR WASH. 


A concentrated solution of lime-sulphur wash was diluted 
by addition of 9 parts of water, and magnesium oxide was 
added in an amount equivalent to 10 pounds of lime for 50 gal- 
lons of diluted solution. It was noticed, after adding the 
magnesium oxide, that hydrogen sulphide (H,S) gas was freely 
given off. The following tabulated statement gives the amounts 
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of sulphur in various forms before and after adding magnesium 
oxide. The data are based on 50 gallons of diluted mixture. 


TABLE XIJ.— Errect or AppIngc MAGNESIUM OXIDE TO LIME-SULPHUR 





SOLUTION. 
Sulphur Percentage 
in solution. of total sulphur. 
Total |————————_-| Sul-  |———_——__————_—__"— 
Condition sul- phur 
of phur In In in In In In form 
mixture. in form form sedi- form form of 
mixture. of of thio-} ment. of of thio-| free 
sul- sul- sul- sul- sul- 
phides. | phates. phides. | phates.} phur. 
Lbs. Lbs. Lbs. Lbs. 
Untreated a: 4c rth ons LOFLDS 9.70 0.45 0 95.6 4.4 0 
"DEBAGOG eae pie ee LOWES 8.65 1.05 0.45 85.2 10.3 4.5 


The results show that under the conditions of the experi- 
ment, the addition of magnesium oxide to the diluted lime- 
sulphur wash decreased the amount of sulphide sulphur and 
increased the amounts of thiosulphate and free sulphur. 


COMMERCIAL LIME-SULPHUR PREPARATIONS. 


The samples of liquid commercial preparations were col- 
lected under the direction of Hon. Raymond A. Pearson, Com- 
missioner of Agriculture. The special brands thus collected, 
which form the basis of our work, are the following: (1) 
“ Rex,” 3 samples; (2) “ Grasselli,” 3 samples; (8) “ Niagara,” 
4 samples (4) ‘“ Thomsen,’ 2 samples. In addition to these, © 
we have recently had placed in our hands a dry powder called 
“ Never-Scale,” which we will consider by itself. 


GENERAL CHARACTER AND VALUE OF COMMERCIAL PREPARATIONS. 

The various preparations were essentially alike in color, all 
being reddish-golden or orange-red when seen in a quart glass 
fruit-jar and deep claret when viewed in larger masses. Only 
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one brand, “ Niagara,’ contained appreciable amounts of sedi- 
ment. This appeared olive-green as seen in the mixture. The 
table together with the total percentage of sulphur in the 
specific gravity and Beaumé readings are given in the following 
mixture. 


TABLE XIII.— SpEcIFIC GRAVITY, ETC., IN COMMERCIAL PREPARATION, 


Specific gravity. Degrees Beaumé. 
Amount of 
combined 
Sample.! Name of brand. | gojution | Solution | Solution | Solution rae 
with without with without mixture 
sediment. | sediment. | sediment. | sediment. : ; 
Teer Cle 
A Girasselli eae a: — 1.2933 — SoMa 25.68 
B Eo thie ahah I Sacha — 1.2820 — S240 24°52 
C - : a 1.2810 —_ Pada Wat’ 24.47 
D INIara Tae nee: 1.280 1.2667 Slesk 30.4 23.28 
E oe ee aN leseick Pot 39.4 34.5 25 .43 
F Lt Fed Spent te 1.380 1 Pagal 40.0 sil al 2245 
G The eee 1.324 1.2770 S000 31.4 Zot 
H UE ROR oe oo Ga neeees — 1.2740 —_ OLE 24 .34 
I Uo eat a, oe — 1.2960 — 33.0 25.60 
ad SPT As cs. eresad —— 1.2740 —_— Poy bs 24 .32 
K Thomsen <<. 1 s- 1.2270 — 26.8 18.73 
L Re a Se Aa — 1.3050 —_— 33.9 26.49 





In examining the preceding table, it is noticed that the com- 
mercial preparations vary somewhat widely in respect to the 
amount of combined sulphur in solution, ranging from 18.73 
to 26.49 per ct., though most of them are approximately be- 
tween 23 and 25 per ct. The degrees Beaumé of the clear solu- 
tion vary from 26.8 to 34.5. There is a fairly uniform relation 
between the degrees Beaumé and the amount of combined: sul- 
phur in solution; in general, one degree Beaumé corresponds 
approximately to 0.76 per ct. of combined sulphur in concen- 
trated solutions within the limits of 25 to 33 degrees. On the 
basis of this average relation, we can calculate approximately 
the percentage of combined sulphur in solution corresponding 
to a given degree Beaumé within the limits of 25 and 35 de- 
grees. From these and other data we can also estimate the 
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approximate relative cost of each pound of combined sulphur 
in solution on the basis of ten doliars for 50 gallons. In a so- 
lution containing about 24 per ct. of combined sulphur, each 
pound of sulphur costs 8 cents when 50 gallons sell for ten 
dollars. We can, therefore, estimate what the relative cost of 
50 gallons is when the solution contains more or less sulphur 
than about 24 per ct. The various data here referred to are 
presented in the following table. These figures are given for 
sake of making comparison and not with any reference to 
actual market values. 


TABLE XIV.— SHOWING RELATION OF DEGREES BEAUME, PERCENTAGE OF 
SULPHUR IN SOLUTION, COST, ETC. 


Relative 
valuation 
Combined Cost of of 50 Excess of cost 
Degrees sulphur each pound gallons (at $10 for 
Beaumé, in of sulphur at 8 cents 50 gallons) 
solution. in solution. per pound Over actual value. 


of sulphur 
in solution. 


i  EEeSSSSSFSFSFSFSSSFSSSSFSSSSSSSSSMsssesesses 


Per ct. Os; 

25 19.00 10.50 $7.60 $2.40 
26 19.80 10.00 8.00 2.00 
PA 20.60 9.50 8.40 1.60 
28 PATEL) 9.10 8.80 1320 
29 22.00 8.75 9.20 0.80 
30 22.80 8.40 9.60 0.40 
owl 23 .60 8.00 10.00 0.00 
32 24 .30 Khe Na. 10.40 + 

33 25.00 44350 10.80 -—- 








COMPOSITION OF COMMERCIAL PREPARATIONS. 


In Table XV are given the percentages of sulphur in different 
forms and of calcium in combination as sulphides which were 
found to be present in the samples examined. In the case of 
samples E—G, the percentages are based on the whole mixture, 
sediment and solution. In the other cases there was no ap- 
preciable amount of sediment. 
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TABLE X V.— PERCENTAGES OF CONSTITUENTS IN COMMERCIAL PREPARATIONS, 











Sulphur in mixture. Cal- Ratio 
——_—_—__—- cium of 
in cal- 
In form In In In form] com- cium 
Sample} Name of brand. of form form | of sul- | bina- to 
Total sol- of of phites | tion sul- 
‘ uble thio- free and as phides 
sul- sul- sul- sul- sul- sul- 


phides. | phates. | phur. | phates. | phides.| phur. 


—— | — | — | — 




















Perch aleieem. Clan) Ler Cla er Cl. eer ClLeee er. Ci Cas 2S 
A COTASSCLTS ote 25.68 | 24.99 0.69 6.94 } 1:3.60 
B cere, 27% 24252) (523240 ele 0 (0) GO fos Pro noS 
C A eee eae 24°47 1-23-30 Tay 0 0 6.55) 10 123.56 
D INGDSAT Aa wo aes DOM LOM eae P21 | traces’) traces 6.00 P3'.68 
iE Ga Fe ae a eRe Dt ed aes 14 0.82 0.87 2.04 Geo Lesio3 
F bree oS Sie DPA ATG AN AEM OXG lees a ea bss 3.24 AX85 |e lator oe 
G ap ae ee 22287 %| 20-32 LAL OBLO 1.30 GSU tele oeoO 
H Rex VARS wo 420 1.08 0 0 GC, Zope tO 
T eT dace Sie Reece ZO OO moos 0.96 0 0 (ie (ot eh lee alae 
Ai a VARS eS ial 0 0) 6247 pele 3258 
K POMIGCTLS satretace cs Teton VoL On4. 7, P70) 0 0 AeA ol ieoal 2 
L EWE GEIR GSS 2s 26.49 | 25.61 0.88 0 0 TaZNe ES L355 








A study of the preceding table brings out the following 
facts: 

(1) Yotal sulphur.—The total amount of sulphur in these 
commercial preparations varies from 18.73 to 26.49 per ct. Ex- 
cept in the case of samples E—G, the sulphur is all in solution; 
in these three samples the sulphur in the clear solution, freed 
from sediment, is 22.56, 18.38 and 21.47 per ct. respectively. 
It would appear from these data that one should reasonably 
expect a first-class concentrated commercial preparation to 
contain about 24 to 25 per ct. of total sulphur in solution. 

(2) Sulphur in soluble sulphide form— The amount of sol- 
uble sulphide sulphur varies from 16.47 to 25.61 per ct. In 
samples A—C and H—J, the amount of sulphide sulphur is 
fairly uniform, ranging within the limits of 23 and 25 per ct. 
A high grade commercial mixture should, therefore, be expected 
to contain over 23 per ct. of soluble sulphide sulphur. So far 
as our present knowledge goes, it is the soluble sulphide sul- 
phur that is most effective in killing scale-insects and the 
amount of this form of sulphur constitutes the chief basis in 
estimating the efficiency of a lime-sulphur wash. 
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(3) Sulphur in form of thiosulphates.—The amount of thio- 
sulphate sulphur, which is present mainly as calcium thiosul- 
phate (Ca,S8,O,), varies in the commercial preparations under 
consideration from 0.69 to 2.26 per ct. It has already been 
pointed out (p. 358) that thiosulphate sulphur is usually 
formed at the expense of the sulphides, so that, in general, a 
high thiosulphate percentage is accompanied by a compara- 
tively low sulphide percentage. The high amount of thiosul- 
phate sulphur in sample K is probably due to incomplete boil- 
ing in making the preparation. 

(4) Insoluble sulphur.—in samples E—G, free sulphur is pres- 
ent in amounts ranging from 0.10 to 1.52 per ct., and sulphite 
sulphur (mixed with small amounts of sulphate), in amounts 
varying from 1.30 to 3.24 per ct. 

(5) Calcium in sulphide compounds.—The amount of cal- 
cium combined with sulphide sulphur varies from 4.42 to 7.21 
per ct., running quite parallel in amount to the sulphide 
sulphur. 

(6) Calcium-sulphur ratio—The amount of sulphide sul- 
phur in proportion to calcium in sulphide combination is fairly 
uniform, quite independent of other variations. This indicates 
that the sulphide sulphur is in the form of calcium pentassul- 
phide (CaS,) and tetrasulphide (CaS,). These relations have 
been quite fully discussed on p. 369. 

(7) Comparison of commercial and home-made preparations. 
-—If we compare commercial and home-made _ lime-sulphur 
preparations, it is noticeable that the commercial preparations 
are Somewhat more concentrated. Home-made preparations 
may contain 22 to 23 per ct. of combined sulphur in solution 
but rarely more, so far as our observations go. The best com- 
mercial preparations for the most part contain 24 per ct. and 
more of soluble sulphur in combined form. This greater con- 
centration is caused by use of less water or by removal of some 
of the water from the liquid portion by evaporation. 
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SEDIMENT IN COMMERCIAL PREPARATIONS. 

Of the commercial preparations examined, only one brand 
contained sediment in appreciable amounts and the percentage 
varied widely in the different samples. It was reported that in - 
Some cases the barrel was so filled with solid matter that the 
material would not run out. In the tables below we give the 
composition of the sediment and also the number of pounds of 
each constituent present in 50 gallons. The specific gravity of 
the sediment in these cases varied from 2 to 2.25, averaging 
about 2.15, making one gallon weigh about 18 pounds. 


TABLE XVI.— COMPOSITION Or SEDIMENT IN COMMERCIAL PREPARATIONS. 





Sulphur. . 


Sample. utr i i We. se rt ee Es ee ee Bea OS) pee pee 
ment. In form {Inform | GUS) ResiUm.. minum: 
Total. Free. of sul- of sul- 


phite. phate. 


Per ct. Perch Per ct. Perict Per ci. Perch Pert: Perit: 
D 0.43 70s — — —— 17.78 9.37 Pa PAT) 
E 12.82 22.69 6.75 13.97 1.97 15873 i= Bis 1.08 
F 19.35 D2eGr 5.93 ua) bral 1.03 LG SSie Lies: Thee 
G 8.16 16.92 0.88 15.60 0.44 15.20 1ORTS 1.05 





It is a matter of interest and importance to learn what con- 
stituents are present in the sediment of the preparation in 
question, expecially since peculiar value as a scalecide has been 
persistently claimed for such sediment. The analytical data 
show,— (1) that the sulphur is more largely calcium sulphite 
than any other form and (2) that.a considerable portion of the 
remainder consists of magnesium, with small amounts of iron 
and aluminum compounds. The iron may be present in the 
form of sulphide and, if present in sufficient amount, imparts 
to the sediment when dried a grayish color. Magnesium and 
aluminum are present mainly as hydroxides. The amounts of 
magnesium, iron and aluminum present in a sediment depend 
upon the amounts of those constituents in the lime used. It is 
evident from the composition of the sediment found in the 

13 
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preparations under discussion that a lime was used containing 
considerable magnesium compounds and other impurities. 

When we consider the character of the compounds found in 
the sediment, there is no reason whatever for believing that 
the value of the mixture is peculiarly enhanced by the presence 
of this insoluble matter; but that, on the other hand, the value 
to the fruit-grower is lessened, because the amount of soluble 
sulphides contained in a barrel is considerably less by reason 
of the presence of the sediment. To what extent the sediment 
constitutes a part of 50 gallons of mixture may be seen from 
the table following: 


TABLE XVII.— SEDIMENT IN 50 GALLONS OF PREPARATION. 


4 SULPHUR. 
Weight ss; 
of 
Weight | sedi- Tron 
In form In In Cal- Mag- and 
SAMPLE, tree ey of form | form | cium. |nesium.| alu- 
; 50 Total. free of of minum. 
sul- sul- sul- 


gallons. phur. | phite. | phate. 





Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Los. Lts. 
— 0 























Ete ae 533.9 2.3 0.4 = — 0.4 0.2 .O 
Be a Sal wiao 73.7 1677 5.0 10.3 1.4 1 es" 8.5 0.80 
BS ale So nid STOO LITO 25.2 6.6 i ens, i ae 18.2 12.4 2.00 
Geter cop ec) 45.0 iO 0.4 7.0 0.2 6.8 Bed, . 50 








In sample F the sediment constitutes 20 per ct. (by weight) 
of the contents of a 50 gallon barrel. Such material is 
obviously not economical to purchase when clear solutions, 
free from sediment, containing higher percentages of soluble 
sulphides, are on the market at the same price. 


“¢ NEVER-SCALE ” 
““ Never-Scale ” is placed on the market in the form of a fine 
powder. An analysis of a sample gives the following results: 


Constituents. Peret 
Moisturese i). (2 aEh. ek P. Fe EER 2d | Eade Seek sees wt ede Bes 2.65 
Total sup Uy... cain suecieye obo back we te Pena ae ot eas Hae Seca Ree eae 30.55 
Combined! sulphur soluble inmtwateriat 70° Higsst4 ee celeee. sels - -tat 6.15 
Free sulphur: sania ee 6 die St ies Baie ee eran ee as cae a ee 19.70 
Sulphite sulphur4 yooh. cee es Pre ee ne rea cc cet eae ne oe oe 4.70 
‘Total. limes(Gad)). Aide oe coe See rae ce ee re ce 24.69 


Magnesitam (Oxide «octet cay et ois ee lence ok inc ae 14.64 
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Other constituents were present in small amounts but are 
of no interest in relation to the lime-sulphur wash. It appears 
from analysis to be largely a mixture of free sulphur and lime 
containing a considerable amount of magnesium oxide. 

The material is used in preparing the lime-sulphur wash by 
mixing at the rate of three-quarters of a pound for one gallon 
of boiling water and boiling three to five minutes. It would 
therefore require 37.5 pounds of the powder to make 50 gallons 
of mixture of proper strength for spraying. 

A solution was prepared according to the directions given. 
Of the powder used, about 38 per ct. did not go into solution. 
The filtered solution contained about 3.75 per ct. of soluble 
combined sulphur and 2 per ct. of calcium. The sediment con- 
tained 30.24 per ct. of sulphur, mostly free, about 20 per ct. 
of calcium oxide, and nearly 34 per ct. of magnesium oxide. 
In the descriptive circular, the statement is made that the sedi- 
ment consists largely of lime, which does not agree with our 
results of analysis. If a purer form of lime were used, more 
efficient results could be obtained. Apparently, a much larger 
proportion of the sulphur remains uncombined than in the pre- 
paration of the regular home-made lime-sulphur wash. 

The cost of the material is five cents a pound, with a reduc- 
tion of price for large purchases. At the maximum rate of five 
cents a pound, 50 gallons of the wash ready to apply to trees,. 
prepared with this powder, cost $1.875, counting only the cost. 
of the preparation used. Compared with concentrated com- 
mercial lime-sulphur washes at ten dollars for 50 gallons, 
which amount makes 450 gallons of wash ready to apply to 
trees, the “ Never-Scale”’ wash is considerably more expensive, 
assuming that it is of equal value in destroying insects. To 
make 450 gallons of spraying solution with “ Never-Scale ” 
would require an amount which, at five cents a pound, would 
cost $16.875. In order to approximate the same cost as con- 
centrated commercial solutions of good grade, ‘‘ Never-Scale ” 
would need to sell at about three cents a pound and this does 
not make any allowance for the cost of boiling the mixture. 


LIME AND LIMING.* 


L, L. VAN SLYKE. 


THE USE OF LIME COMPOUNDS ON SOILS. 


Numerous inquiries in regard to the use of lime-containing 
materials are constantly coming to the Station. In order to 
answer these inquiries more fully than can be done in in- 
dividual correspondence, this circular has been prepared. 

The different lime compounds to be considered are used for 
the purpose of (1) neutralizing the acidity of soils, (2) pro- 
ducing other changes, chemical, biological and physical, (3) 
supplying phosphorus to plants or (4) furnishing calcium to 
plants. Lime compounds are least often used for the direct 
supply of calcium as plant-food because this element is suf- 
ficiently abundant in most soils to supply crops. For neutraliz- 
ing the acidity of soils there are used lime, slaked lime and 
carbonate of lime. For producing other changes in soils the 
same lime compounds are used and, in addition, sulphate of 
lime (land-plaster). The two materials which will be dis- 
cussed as a source of phosphorus are ground phosphate rock 
(floats) and phosphate slag. The slag also contains lime in 
other forms than phosphate and can be used for neutralizing 
soul acidity, while the rock has little, if any such value. 


COMPOSITION OF LIME COMPOUNDS. 

All lime compounds contain as a characteristic constituent 
the chemical element calcium and in chemistry are known as 
calcium compounds, as explained below. In the different com- 
pounds of lime we find calcium combined with one or more 
other chemical elements. 


* A reprint of Circular No. 10. 
[388] 
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LIME. 

The word lime is ordinarily used to designate a compound 
consisting, when pure, of calcium (71.5 per ct.) and oxygen 
(28.5 per ct.), which is known to chemists as calciwm owid 
(CaO). At one time it was supposed that calcium oxid (lime) 
was present in the different compounds of calcium, and so all 
calcium compounds were called lime compounds. This inac- 
curate use has continued, especially in commercial practice. 
Calcium oxid, in impure forms, is known under several com- 
mercial names, such as lime, quicklime, burntlime, stone-lime, 
lunp-lime, etc. The value of commercial lime depends, for 
many purposes, upon its freedom from impurities, that is, wpon 
the amount of calcium oxid it contains. . 

Commercial lime is prepared by heating at a sufficiently high 
temperature any form of carbonate of lime (calcium carbon- 
ate), the carbon dioxid (carbonic acid) being driven off as a 
gas and calcium oxid remaining as a solid residue. The ma- 
terials most commonly used as a source of commercial lime 
are limestone, oyster shells and shell-marl. It is evident that 
the purity of a lime (the percentage of calcium oxid present) 
depends upon (1) the purity of the original carbonate rock 
used, (2) the completeness of the burning, and (3) subsequent 
care in keeping dry. The impurities commonly found in com- 
mercial lime are compounds containing magnesium, silicon, 
iron, and aluminum. The three most common forms of com- 
mercial lime are: (1) Stone-lime, (2) magnesian stone-lime, 
and (38) oyster-shell lime. 

Stone-lime. This is the ordinary lump-lime commonly used 
by masons. It is prepared from limestone (calcium carbonate) 
of a good degree of purity and contains 90 to 98 per ct. of 
calcium oxid. 

Magnesian stone-lime. This is prepared from limestone that 
contains more or less magnesium carbonate, the proportions 
varying greatly in different varieties. Commercial lime pre- 
pared from such material contains 55 to 85 per ct. of calcium 
oxid and 10 to 40 per ct. of magnesium oxid. The presence of 
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magnesium compounds affects the slaking properties of lime, 
as pointed out below. 

Oyster-shell lime. Oyster-shells contain 90 to 95 per ct. of 
calcium carbonate and, when properly burned, produce a high- 
gerade lime, containing from 85 to 95 per ct. of calcium oxid. 

In addition to the preceding forms of commercial lime, one 
other of less importance may be mentioned, known as gas- 
lime. Quicklime is used at gas-works to remove impurities 
from the gas and after being so used it is often sold to farmers. 
Gas-lime is not quicklime, since the calcium oxid is largely 
changed into other forms such as hydroxid (slaked lime) and 
carbonate. In addition, there are the impurities absorbed 
from the gas, some of which are injurious to seeds, such as 
sulphids and sulphites. These are changed into the harmless 
form of sulphate (land plaster) on exposure to the air. Gas- 
lime should, therefore, when used on soils, be allowed to lie 
exposed to the air before use or should be put into the soil some 
weeks or months before putting in a crop. The composition 
of gas-lime varies greatly. 


SLAKED LIME. 

When quicklime undergoes the change known as slaking, 
its calcium oxid (CaO) combines with water (H,O) and is 
changed into a compound known chemically as calcium 
hydroxvid (CaO.H.,) or, commercially as slaked lime, caustic 
lime, or hydrated lime; one pound of calcium oxid combines 
with about one-third of a pound of water and produces one 
and one-third pounds of calcium hydroxid (slaked lime). This 
chemical change is accompanied by marked physical changes; 
the lime swells in bulk, crumbles to a fine powder and gen- 
erates heat. The rapidity with which commercial lime slakes 
depends upon the amount of water used and the composition 
of the quicklime. The use of too much water or the sudden 
chilling of partially slaked lime by cold water results in the 
production of a coarse, granular lime in place of the desired 
form of fine powder. Commercial limes containing less than 
10 per ct. of impurities slake more quickly than those con- 
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taining larger amounts of impurities. Magnesian stone-limes 
slake imperfectly. 

One bushel of stone-lime of good quality, on slaking, in- 
creases in bulk to two or three bushels of slaked lime. The 
weight per bushel decreases roughly about one-half, for ex- 
ample, from 90 to 45 pounds. The bulk and weight of slaked 
lime depend upon the composition of the quicklime used, upon 
the amount of water added, and upon some special conditions 
of the slaking process. 

The calcium hydroxid of slaked lime easily absorbs carbon 
dioxid gas from the air and changes gradually into calcium 
carbonate. Just as quicklime is impure calcium oxid, so 
slaked lime is impure calcium hydroxid. Ordinary slaked lime 
is, therefore a mixture of calcium hydroxid and calcium car- 
bonate with such impurities as may have been present in the 
lime before slaking. 

The slaking of lime also takes place when lime is exposed to 
the air, this process being known as air-slaking. When lumps 
of stone-lime stand exposed for some time, the outer layer 
gradually absorbs moisture from the air and goes through the 
process of slaking and forming a fine powder. In the air- 
slaking process, more or less calcium carbonate is also formed. 
Hence, air-slaked lime usually contains larger amounts of car- 
bonate and less of hydroxid than water-slaked lime. The 
rapidity with which limes air-slake depends upon different 
conditions. Dry, fine air-slaked lime may contain as much as 
75 per ct. of calcium oxid. 


CARBONATE OF LIME. 
Carbonate of lime is chemically known as calcium carbonate. 
In this form calcium oxid (CaO) is combined with carbon 
dioxid (CO,), thus forming calcium carbonate (CaCQ,). 
Limestones of high grade and marbles consist largely of cal- 
cium carbonate. It forms varying proportions of shells, marl, 
etc. As previously stated, it is present in variable amounts in 
slaked lime. 
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SULPHATE OF LIME. 


This material is known in chemistry as calcium sulphate; 
its common names are land-plaster and gypsum. It is a com- 
pound of calcium and sulphuric acid. It possesses value on 
the farm because it is an excellent absorbent and also because 
it may undergo chemical changes in the soil as a result of 
which insoluble potash compounds are made soluble. In dis- 
solving rock phosphates (phosphate of calcium) with sulphuric 
acid, a considerable amount of calcium sulphate is formed. 
Commercial acid phosphates, therefore, contain more or less 
sulphate of lime. 


WOOD ASHES. 

Wood-ashes vary greatly in composition. When of good 
quality, they should contain not less than 35 per ct. of calcium 
oxid, 8 per ct. of magnesium oxid and 5 per ct. of potash. 
These compounds are present largely in the form of carbonates. 


COMPARATIVE COMPOSITION OF LIME COMPOUNDS. 


It is a matter of interest and importance to compare the 
principal lime compounds with reference to the amount of 
calcium oxid contained in them. This is shown in the follow- 
ing arrangement: 


Lime Water Carbon dioxid 
FORM OF LIME COMPOUND. (CaO) (H»O) COs 
Per ct. (Per ct. Per ct. 
Calcium oxid Clime) ee seen eae ee ae 100 








Calcium hydroxid (slaked lime)...... la. (ie We 24.3 — 
Calcium carbonate (carbonate of lime).... 56 — 44 


It is seen that 100 pounds of pure lime (CaO) contains 100 
pounds of calcium oxid; that 100 pounds of pure slaked lime 
(calcium hydroxid) contains an amount of calcium equiva- 
lent to about 76 pounds of calcium oxid; and that 100 pounds 
of carbonate of lime contains an amount of calcium equiva- 
lent to 56 pounds of calcium oxid. This means that one pound 
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of calcium oxid (lime) is equal to about 1.3 pounds of calcium 
hydroxid (slaked lime) and to about 1.8 pounds of carbonate 
of lime. 


WEIGHT OF A BUSHEL OF LIME. 


It is the custom in some places to sell lime by the bushel. 
It should be sold only by weight, because the weight of a 
bushel varies greatly according to a variety of conditions, 
chief among which are porosity of the limestone burned and 
the conditions of burning. The average weight of a bushel 
(heaped measure) of stone-lime is given as 75 to 93 pounds, 
but it may vary from 60 to 120 pounds. Magnesian stone-lime 
usually runs somewhat lower. Oyster-shell lime varies from 
40 to 75 pounds a bushel and averages about 60. 


WHAT LIME COMPOUNDS DO IN SOILS. 


Lime compounds, when applied to soils, produce certain 
specific effects, which, for convenience, may be considered 
under three heads: (1) Chemical, (2) biological, and 
(3) physical. These will be considered in brief outline. 


CHEMICAL EFFECTS. 

The direct chemical effects of lime compounds in soils may 
be conveniently grouped under two general heads: (1) Ren- 
dering available some insoluble forms of plant-food, especially 
in case of certain compounds containing potassium or phos- 
phorus; and (2) neutralizing excessive acidity of soils. Lime 
in the forms of quicklime, slaked lime and carbonate has the 
power to neutralize acids but sulphate of lime (land-plaster) 
has not. The rapidity with which soil acidity is neutralized 
depends primarily upon (a) the fineness of the lime compound 
and (b) the thoroughness with which it is distributed through 
the soil. 


BIOLOGICAL EFFECTS. 


The lime compeunds previously mentioned tend to make 
conditions favorable for the action of certain important micro- 
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organisms in soils. These effects may be grouped under three 
general divisions: (1) Promotion of the decomposition of or- 
ganic matter, including the process of nitrification; (2) making 
conditions favorable for the nitrogen-gathering organisms asso- 
ciated with leguminous plants; and (3) favoring the growth 
of those soil organisms that utilize atmospheric nitrogen inde- 
pendently of other plants. 

The presence of lime compounds, especially quicklime and 
slaked lime, hasten the conversion of organic matter into 
humus, with the changing of the nitrogen into nitrates. Or- 
ganic matter in decomposing produces acids quite freely, which 
may render a soil acid when they are allowed to accumulate 
without being neutralized. In the presence of the neutralizing 
forms of lime, these acids are converted into neutral lime com- 
pounds and soil acidity prevented. Nitrifying and nitrogen- 
gathering organisms do not grow satisfactorily in acid soils 
but appear to require for their best development a neutral or 
slightly alkaline condition. When applied in excessive quan- 
tities, quicklime and caustic lime hasten the decomposition 
of organic matter by direct chemical action. By applying these 
forms of lime too frequently or in too large quantities, it is 
possible to exhaust the supply of humus rapidly, unless un- 
usual methods of supplying humus are utilized. 


PHYSICAL EFFECTS. 

Chemical changes produced in soils by lime compounds result 
in producing physical changes. In general, it may be said that 
lime compounds lighten heavy soils and compact light soils. 
Clay soils are made less sticky, more crumbly, and more easily 
cultivated; water passes through them more readily and, in 
general, such a soil becomes a more congenial place for the 
erowth of plant roots. On sandy soils, lime compounds tend 
to act like cement in holding the soil particles together, thus 
enabling them to hold water more tenaciously. 


New YorK AGRICULTURAL EXPERIMENT STATION. 395 


EFFECTS OF LIME ON DIFFERENT PLANTS. 

While no rigid rules can be laid down for general application 
to all conditions, the Rhode Island experiment station has 
found that most of our common crops are benefited by the use 
of lime compounds; some plants appear to be unaffected, while 
a few (watermelon, serradella, blue lupine and sheep-sorrel) 
are injured. The application of quicklime, slaked lime and 
wood-ashes is found to promote potato-scab when applied in 
amount sufficent to remove completely the acidity of the soil. 
Excessive applications of quicklime or of slaked lime may 
cause decreased growth of crops for one season but increased 
growth afterwards. 


HOW TO ASCERTAIN WHETHER A SOIL NEEDS LIME, 


Two methods can be used to ascertain whether a soil needs 
lime (1) The litmus test for acidity, and (2) the growth of 
red clover. The litmus test is performed as follows: Blue Lt- 
mus-paper of the best quality, or, preferably, very sensitive 
neutral litmus-paper, in strips about one-half inch wide and 
two inches long, is used. This can be obtained at drug-stores. 
Put in a cup a tablespoonful or more of soil and moisten with 
water enough to make a thick paste. After letting the soil 
stand a half hour or more, a clean table-knife is inserted to 
part the soil, and one end of the litmus-paper is put into the 
opening thus made, after which the soil is pressed against the 
sides of the paper. In a half hour to an hour after, the paper 
is carefully taken from the soil without tearing. The adhering 
soil is rinsed off the paper. If the original blue color is 
changed to a distinct red or pink, acidity is indicated that 
calls for the use of lime. The end of the litmus-paper that is 
inserted into the soil must not come in contact with the hands 
and the water used must be neutral (neither acid nor alkaline). 
It should be stated that cases appear in which the litmus test 
gives unreliable indications. 
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The need of lime is usually indicated when the common red 
clover after starting vigorously in the spring appears later to 
stand still in growth and finally disappears in part or wholly. 
A vigorous growth of horse-sorrel is commonly a sign of the 
need of fime. 


HOW MUCH LIME TO APPLY AND HOW OFTEN, 


The character of the soil and the crops grown must deter- 
mine largely the amount of lime to use. The general rule may 
be safely followed of applying lime in smaller quantities at 
more frequent intervals rather than large quantities once in 
several years. On poor soils and in case of light, dry soils, the 
quantity applied at one time should be relatively small, vary- 
ing from 500 to 1,500 pounds of quicklime per acre, and cor- 
responding amounts of other forms. However, in the case of 
carbonate of lime, three or four times aS much can be used 
to advantage. On heavy clay soils and on rich soils, the appli- 
cation may vary from 1000 to 4000 pounds according to fre- 
quency, acidity, etc. In rotations of five or six years, one 
liming will probably suffice for the rotation under ordinary 
conditions. On meadows kept in grass for many years in suc- 
cession and fertilized exclusively by commercial fertilizers, ap- 
plication of lime on the surface at the rate of 300 to 500 
pounds an acre once in three or four years will usually be 
found helpful. 


AT WHAT TIME TO APPLY LIME. 


Autumn is the best time to apply quicklime or slaked lime 
on land used for spring crops. The power of quicklime or 
Slaked lime to injure seeds is gradually lost by lying in the 
soil. In case of autumn seeding, the lime can be scattered 
after plowing and then harrowed in very thoroughly. For 
many crops, lime may be applied in the spring with little risk, 
provided it is worked into the soil very completely. In case of 
very sour soils, the application of lime in the spring is often 
very beneficial. Carbonate of lime can be applied at any time 
without risk of injury to crops. 
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| 
WHAT FORM OF LIME TO USE. | 

Of the various forms of lime available, it will usually be 
found in this State that stone-lime* will prove cheapest, since 
it is in the most concentrated form. This is especially true 
when the material has to be freighted or drawn a considerable 
distance. In 2,000 pounds of quicklime, there is as much 
calcium oxid as in 2,600 pounds of slaked lime or in 3,600 
pounds of carbonate. There are in the market, lime materials 
which are sold under various names, as agricultural lime, 
prepared lime, hydrated lime, etc. ‘These are in some cases 
slaked lime and in others carbonate. They are usually sold at 
prices considerably higher than stone-lime and often extrava- 
gant claims are made for their superior merits. Farmers are 
advised not to purchase these much-advertised materials, since 
they are needlessly expensive. One party, for illustration, 
offers a Slaked lime for $8 a ton and quicklime for $5. The 
calcium oxid in the quicklime thus costs one-quarter of a cent 
a pound, and, in the slaked lime, more than twice as much. 
When quicklime can be purchased at $5 a ton, it is not profit- 
able to pay more than $3.75 to $4 a ton for slaked lime, or 
more than $2.75 to $3 a ton for carbonate. The hydrated 
materials have this one advantage over stone-lime, that the 
labor of slaking the lime is saved; but farmers can not, under 
the circumstances, more profitably employ their time than in 
slaking the lime themselves. 

Lime, properly slaked and dry, forms a finer powder than is 
possible with the ground carbonate, and it can be more uni- 
formly distributed through the soil. Moreover, freshly-slaked 
quicklime consists largely of calcium hydroxid, which is more 
easily soluble in water than the carbonate. This solubility is 


* Stone-lime can be furnished by the following parties: New York Lime 
Co., Carthage, N. Y.; Genesee Lime Co., Honeoye Falls, N. Y.; Ohio and 
Western Lime Co., Fostoria, Ohio; M. E. Reeder, Nursery, Pa.; C. H. Coons, 
Germantown, N. Y.; Rochester Lime Co., 209 W. Main St., Rochester, 
N. Y.; Catlin and Miller, Owego, N. Y.; John Heimlich, Le Roy, N. Y.; 
J. E. Reichard, Bloomsburg, Pa. These addresses are given solely as a 
matter of information, without recommendation or guarantee as to reli- 
ability. 
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an important factor when a freshly-limed soil receives abund- 
ance of rain, because considerable amounts of the hydroxid 
go into solution and thus are more quickly and uniformly 
distributed through the soil. 

At the prices usually prevailing ($10 to $12 a ton), one can 
not afford to use wood-ashes for neutralizing soil acidity. As 
compared with the average cost of potash and lime, wood-ashes 
of high commercial grade can hardly be regarded as worth 
more than $7 to $8 a ton. On account of the potassium car- 
bonate present, wood-ashes are more efficient than lime in 
compacting very light soils. 


HOW TO APPLY LIME TO SOILS. 

In applying lime to soils, three facts should be kept in mind: 
(1) The lime should be distributed for the most part in the 
upper layer of the soil, say within three or four inches of the 
surface; (2) it should be distributed as uniformly and 
thoroughly as possible through the soil; (3) in case of quick- 
lime, it should be put into the soil while mostly in the form of 
Slaked lime or hydroxid and before being changed more than 
slightly into carbonate. 

The most convenient form of lime to handle is probably the 
ground quicklime, which is furnished for building purposes and 
which can usually be distributed with a fertilizer drill. There 
are, however, special lime-spreaders which are more convenient. 

Freshly burned lump-lime may be slaked in a large pile near 
the field and then distributed; but when one has no special 
means for distributing the slaked lime, it is more convenient 
under ordinary conditions to distribute the lump-lime in small 
piles over the field after the land is prepared for a crop. A 
little water (equal to about one-third the weight of the lime) 
is slowly poured on each heap and the lime then covered with 
fine earth. When thoroughly slaked, the powder is mixed with 
more earth and distributed with a shovel as evenly as possible, 
after which it is promptly harrowed into the soil very thor- 
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oughly. The size and frequency of the heaps of lime may be 
regulated by remembering that 20-pound heaps placed 20 feet 
apart make about one ton to the acre. After being spread, 
lime should not be allowed to lie upon the surface over night 
or during showers. 


GROUND PHOSPHATE ROCK OR FLOATS. 


Rock-phosphates are known under different names, which 
generally designate the localities from which they come, as, for 
example, South Carolina Rock, Florida Rock, Tennessee Rock, 
etc. When ground to a very fine flour, the rock-phosphate is 
called floats. The phosphoric acid in these materials is largely 
in combination with lime as insoluble phosphate of lime (cal- 
cium phosphate), commercially called ‘bone phosphate of 
lime.” This material when treated with sulphuric acid forms 
a mixture of acid phosphate and sulphate of lime, commercially 
known as dissolved rock, acid phosphate, ete. The phosphoric 
acid in phosphates usually runs from 20 to 25 per ct. but may 
go as high as 35 to 40 per ct. Rock-phosphate in the form of 
floats* possesses little if any value in neutralizing the acidity 
of soils. When used by farmers, it is for the purpose of supply- 
ing to crops the plant-food element phosphorus. Several ex- 
periment stations, notably among them those of Illinois and 
Ohio, have shown some of the conditions under which floats 
can be used to advantage as a source of phosphorus. It can be 
stated, in general, that, when used in connection with liberal 


*The Jllinois experiment station, without making recommendations as 
to reliability or guarantee, states that floats containing 25 to 30 per ct. 
of phosphoric acid, can be obtained from any of the following parties: 
(1) Mt. Pleasant Fertilizer Co., Mt. Pleasant, Tenn.; (2) Robin Jones, 
Nashville, Tenn.; (3) N. Y. & St. L. Mining & Mfg. Co., St. Louis, Mo.: 
(4) Swan Creek Phosphate Co., Chicago, Ill.; (5) Jackson Phosphate Co.; 
Mt. Pleasant, Tenn.; (6) Farmers Ground Rock Phosphate Co., Mt. 
Pleasant, Tenn.; (7) John Ruhm, Jr., Mt. Pleasant, Tenn.; (8) H. D. 
Ruhm & Co., Mt. Pleasant, Tenn.; (9) W. B. Alexander & Co., Mt. 
Pleasant, Tenn. The cost is $2.50 to $5.00 a ton, according to per- 
centage of phosphoric acid, delivered in bulk on board cars at the mines 
in Tennessee. ‘The material would probably cost $8 to $10 a ton in 
New York State. 
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amounts of farm-manure or green manures, or both, ground 
rock-phosphate is one of the most economical forms in which 
to supply phosphorus to crops. Its use is not recommended 
on soils deficient in organic matter or where it is desired to 
have the phosphorus at once available for the growing crop; 
in such cases, the use of dissolved rock (acid phosphate) or 
bone-meal is necessary. The effect of floats on crops is least 
marked the first season but becomes more pronounced later. 
Floats can be used to advantage as a mechanical absorbent in 
the stable using about one pound a day for the manure of each 
animal. It can, if preferred, be mixed with the manure after 
removal from the stable or spread on the field with manure, 
about 100 pounds of floats being used for 1,000 pounds of 
manure. The amount of floats to be used on soils may vary 
from 500 to 2,000 pounds an acre. When applied in a regular 
crop rotation, it may be used once in three to six years at the 
rate of 1,000 or 2,000 pounds an acre; it should under these 
conditions be applied to clover-sod or to a green crop, such as 
cow-peas, soy-bean, etc., which is to be plowed under. 


SLAG-PHOSPHATE. 

This material is known under different names, as odorless 
phosphate, basic iron slag, Thomas slag, etc. It is a by-product 
formed in the manufacture of iron and steel from special 
kinds of iron ore that are rich in phosphorus. It contains 
15 to 20 per ct. of phosphoric acid, not all in quickly available 
form, and considerable amounts of lime and oxid of iron. 
Most of this material at present offered for sale is imported 
from Europe. The practical results coming from its use have 
been variable, often being excellent and again indifferent. The 
present price appears to be high. It is certain that the lime in 
it which is available for neutralizing soil acidity can be ob- 
tained much more cheaply. Before purchasing largely of this 
material, farmers are advised to use it in an experimental way 
in comparison with floats, with and without the lime com- 
pounds that neutralize acidity. 
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THE TUSSOCK MOTH IN ORCHARDS.* 


W. J. SCHOENE 


SUMMARY. 


During the past summer the white-marked tussock moth 
appeared in destructive numbers in orchards in the vicinity of 
Lockport. In this outbreak considerable damage was done to 
young apple and pear fruits by the caterpillars. 

The tussock moth is not a new insect. It is a well known 
pest of shade trees in cities and towns. Although it may 
thrive on fruit trees it seldom appears in destructive numbers 
in orchards. 

The insect may be efficiently controlled by collecting and 


destroying the egg masses and by the use of arsenical sprays. 








* A reprint of Bulletin No. 312. 
[403] 
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INTRODUCTION. 


During the summer of 1908, the tussock moth (Hemero- 
campa leucostigma A. & 8.) appeared in more than its usual 
numbers in the rural districts of western New York. A 
noteworthy feature of this outbreak was the presence of the 
caterpillars in orchards in several communities, where they 
did considerable damage to young fruits. While injuries to 
orchards are not of unusual occurrence, this insect is primarily 
a Shade-tree pest. It is commonly associated with towns and 
cities, rather than with the country, and because of its impor- 
tance to tree planting in municipalities, it is a familiar insect, 
at least by name, to many readers. Its attacks on fruit trees 
have attracted less attention. The present interest of fruit 
growers in this insect has prompted the publication of this 
bulletin, which deals largely with the tussock moth as an 
orchard pest. 


ECONOMIC IMPORTANCE OF THE TUSSOCK MOTH. 


PRESENT OUTBREAK IN ORCHARDS, 

On June 10 letters began to arrive at the Station, announcing 
that an unknown pest had made its appearance in western 
New York, which was especially destructive to the young 
fruits. The arrival of specimens of the caterpillar soon proved 
that the real miscreant was the tussock moth. Samples of its 
work were received from many localities in our leading apple 
growing counties but the most damage was done by this insect 
in the vicinity of Lockport, Ransomville and Middleport. The 
work of the caterpillars was first noticed by fruit growers 
on June 8 and during the following week the principal injuries 
were done. In company with Mr. B. D. Van Buren, a State 
Inspector of Nurseries, an examination was made on June 11 
of a number of orchards where the insect was especially de- 
structive. At this time the caterpillars were in the first, 
second and third stages, and, contrary to expectations, were 





PLATE XXII.— INJURIES To APPLES BY TUSSOCK MoTH CATERPILLARS 
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causing important injuries in sprayed as well as in neglected 
orchards, 

The caterpillars as a rule were not equally numerous on all 
trees in an orchard, so that the injury varied with the indi- 
vidual trees. On some portions of trees 85 per ct. of the fruit 
had been eaten into, while on other trees the amount of dam- 
aged fruit varied from 5 per ct. to 20 per ct. While there 
were some injuries to the leaves, the foliage was generally 
abundant, and unless a close examination was made, the ap- 
pearance of the trees at this date completely deceived one as 
to the presence of the caterpillars. Also one was impressed 
with the large number of damaged fruits, which seemed out 
of proportion to the numbers of caterpillars actually present. 
The feeding was largely confined to the cheeks of the young 
apples and pears. In some instances only the skin of the 
fruit was consumed, but more damage was done by the worms 
eating out cavities of varying size and depth. Pears generally 
sufiered more injury than apples, the cavities often extending 
through to the core so that only about half of the original 
fruit remained. 


CONDITIONS IN SPRAYED ORCHARDS. 


Upon the discovery of the caterpillars and the injuries to 
the fruit, some orchardists attempted to prevent further losses 
by spraying with arsenicals. Wherever a thorough treatment 
of bordeaux mixture containing a strong dose of poison was 
applied, a goodly percentage of caterpillars was killed and the 
poison continued to be effective, gradually reducing their num- 
bers. But while the caterpillars were finally destroyed, they 
continued to feed to a greater or less extent for several days 
after the applications, during which time the amount of dam- 
age to fruits greatly increased. It appeared that the cater- 
pillars, feeding in the deeper cavities of the injured fruits, 
found food that was not reached by poisons, and the insects 
were apparently not destroyed until they changed their feeding 
grounds. 
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The failure to prevent losses to the fruit by the usual treat- 
ments for the codling moth and apple scab, and by special 
sprayings, has led some fruit growers to conclude that the 
tussock moth caterpillars cannot be killed by applications of 
arsenical poisons. The large numbers of damaged fruits in 
orchards that were sprayed one or more times would tend to 
support this belief. However, an examination of a number 
of orchards at the time of the appearance of injuries indicated 
that the principal reason why spraying was not generally suc- 
cessful was the lack of thoroughness in the first treatments. 
This was especially emphasized by the fact that, preceding the 
attack of the tussock moth, case-bearers had caused in many of 
these same orchards more than their usual amount of injury, 
which should have been prevented if the poisons had been well 
applied. The orchardist in his efforts to drive the poisonous 
spray into the leaf and blossom clusters is liable to neglect the 
undersides of the leaves, especially on the lower and inner 
portions of the trees where the tussock moth caterpillars, on 
hatching, are likely to feed. Thus, even in orchards where the 
spraying for the codling moth has been fairly well done, the 
young caterpillars may feed unharmed for a time on the under 
surfaces of leaves, and on the foliage of water sprouts on the 
larger limbs. 


HISTORY OF TUSSOCK MOTH AS A FRUIT PEST. 

The early records on the habits of the white-marked tussock 
moth indicate that it was a general feeder, and that it thrived 
on fruit trees, shade trees and shrubs. In 1828 Harris re- 
corded the caterpillars as very numerous on fruit trees 
throughout New England.t. Again in 1832 the eggs of this 
insect were observed on apple trees about Salem, Mass., by 
B. Hale Ives, who in the following year proved experimen- 
tally that collecting and destroying the egg masses is an effec- 
tive means for controlling this insect.2 Fitch® reported in 

‘Harris, “Insects Injurious to Vegetation,” p. 367. 


2 American Gardeners (Hovey’s) Magazine, 1:52. 
* Fitch. Rpts. 6-9, p. 199. 
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1863 that the moth had been in Albany for several years and 
that rose bushes and large plum trees were stripped of their 
foliage. Rev. C. J. S. Bethunet in 1871 considered this species 
a Serious enemy to the apple trees in Ontario, and stated that 
in the West it had defoliated some orchards and had attacked 
the fruits. A serious outbreak of this kind was reported in 
1895, by Mr. V. H. Lowe,® Entomologist of this Station, who 
received numerous complaints from the growers of Yates and 
Ontario counties of injuries to young apples. In succeeding 
years the presence of the caterpillar has been noticed in many 
orchards but as a rule there has been very little damage to 
the foliage and fruit until the present outbreak. 


THE TUSSOCK MOTH AS A SHADE-TREE PEST. 


It is in the cities and towns that the tussock moth finds 
congenial surroundings and there it thrives and proves most 
injurious. As early as 1848 Harris' reported that the cater- 
pillars damaged the horse chestnuts and other trees about 
Boston. In 1883° shade trees in some of the parks of New 
York City was defoliated. In 1895 Dr. Howard’ noted that 
the moth had been for many years the most serious of the 
shade tree pests in Philadelphia, New York, Brooklyn, and 
Boston, and that the caterpillars of this species had appeared 
that year in Washington, Baltimore and other southern cities 
in such numbers as to make the insect of great importance. 

Dr. Felt® has recorded serious outbreaks of this pest in the 
State of New York during 1898. In Albany, spraying opera- 
tions, conducted by the municipal authorities, were necessary 
to prevent general defoliation of the horse chestnuts. In some 
parts of Troy and in Buffalo the insect was still more destruc-. 
tive. These depredations have occurred so frequently along 
the streets and in the parks of some of our cities that spraying 


1Harris: ‘Insects Injurious to Vegetation,” p. 367. 

* Entomological Society of Ontario. Report 1871-1872, p. 14, 15. 
5N. Y. Agr. Exp. Sta. 14th Rept. 1895, p. 552-553. 

® Canadian Entomologist, 15:168, 169. 

7U. S. Dept. Agr. Year Book, 1895, pp. 368, 375. 

*H. P. Felt. 14th Rpt. State Ent. 1898, pp. 163, 176. 
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operations are now annually carried on for the protection of 
the trees. 
DISTRIBUTION OF MOTH AND FOOD PLANTS. 

The tussock moth is known to occur from Nova Scotia to 
Florida and as far west as the states of the Mississippi Valley. 
It feeds to a greater or less extent upon nearly every fruit 
and shade tree. In the outbreak of the past season, both the 
fruit and foliage of apples and pears were eaten and also the 
foliage of plums. Other fruits liable to attack are cherry, 
quince, apricot and choke cherry. The various shade trees? 
that the caterpillars are known to feed upon are horse chest- 
nut, elm, maple, linden, box elder, locust, ash, sycamore, 
butternut, black walnut, hickory, oak, birch, elder, willow, 
poplar, spruce, fir, larch and cypress. 


BIOLOGY OF TUSSOCK MOTH. 


LIFE STAGES. 
Egg— The eggs are deposited on the empty cocoon in 
masses of from 100 to 500, and are held together and protected 
by a white foam-like substance, which renders the egg mass 
conspicuous in its resting place upon the trunk and branches 
of the tree. The individual egg is round, about the size of a 
mustard seed, and has a strong, thick, cream-colored shell. 
Mature caterpillar.°— The head and two small tubercles on 
che back are bright red. There are three long black pencils 


®*Memoir N. Y. State Museum. 8, I: 136. 

* The caterpillar of this species has four stages in the male and five 
stages in the female. These may be recognized by the following brief de- 
scriptions taken from C. V. Riley’s account in his first report on the 
Insects of Missouri, pp. 144-147. 1869. 

First stage. Newly hatched. Length one-tenth inch, color dull whitish 
gray, tufts on back dark brown. 

Second stage. Age of caterpillar seven days. Length one sixth inch, 
color more pronounced. Two tufts near head, longer. 

Third stage. Age thirteen days. Length three-tenths inch. Color of 
head and neck shield, orange, tubercles on back scarlet orange, four tufts 
on back whitish. About five days after molt, colors of adult are assumed. 

Fourth stage. Age nineteen days. Length three-fourths inch. Colors 
and hairs same as adult. Male larve spin cocoons. 

Fifth stage. Age twenty-five days. Length, one and one-half inches. 
Colors unchanged. Hairs more prominent. Caterpillars mature to females. 





PLrateE XXIITI.— Lire Stacres or FemMArr Tussock Morus: Fia. 1, Eac-Mass 
ON Cocoon; Fic. 2, CATERPIILAR; FiIas. 3 AND 4, ADULT FEMALES, Eac- 
MASSES AND COCOONS. 





LIBRARY 


Coal 


OF THE 
UNIVERSITY OF ILLINOIS - 


New York AGRICULTURAL EXPERIMENT STATION. 409 


of hairs, two extending V-shaped over the head and one diago- 
nally upward from the anal end. Also protruding from the 
back on the fore part of the body are four erect, short, brush- 
like tufts of white or yellowish hairs. Along the back, inter- 
rupted by the tufts and tubercles is a broad, velvety, black 
stripe. 

Pupa.— The pupa, which is enclosed in a very thin cocoon, 
is soft and fleshy, having a pale greenish or brownish color. 
The markings of the adult moth may be partly recognized 
before the insect emerges. The male pupa is slender with 
prominent antennal plates, while the female pupa is larger, 
more robust, and the antennal plates are not conspicuous. 

Adult The male and female moths differ greatly. The 
male is an attractive moth, with prominent legs, large feathery 
antenne, and slender body. It has normal wings, which are 
rounded in form and brown in color with delicate gray mark- 
ings. The female bears no resemblance to the male. It is 
‘“ wingless” and gray in color. The abdomen is sack-like while 
the legs and antenne are slender. 


LIFE HISTORY. 


The insect lives through the winter in the egg and in this 
latitude the caterpillars hatch some time during the latter part 
of May. It takes twenty-five to thirty-one days for the cater- 
pillars to complete their growth. The insect remains in the 
pupa stage from ten to fifteen days. At the end of this time 
the female emerges from the pupa and after mating, deposits 
her eggs upon the discarded cocoon. 

According to Dr. E. P. Felt, there is normally only one 
brood of caterpillars a year in the latitude of Albany. Our 
studies of the insect during the past summer confirm these 
observations, as there has been no evidence of a second brood 
about Geneva or Lockport. In Boston and New York City 
there are two broods and farther south, about Washington, 
D. C., there may be three broods. 
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Some lifa history observations.— When attention was called 
to this species on June 13, 1908, the first three stages of the 
larva were recognized at this time feeding upon apples and 
pears. The earliest date for the finding of cocoons was June 
27, when one was observed near Lockport. A male moth 
emerged July 9 and egg-masses were observed for the first time 
on July 12. In the early summer eggs, larvae, pups and 
adults were frequently found on the same tree. Most of the 
cocoons were formed by July 15, but a few caterpillars were 
observed from time to time until August 21. 

Habits of the caterpillar.— Upon hatching, the caterpillars 
begin to feed upon the underside of the leaves, at first eating 
only a portion of the leaf. As the caterpillar molts and in- 
creases in size, larger holes are made, and, when mature, the 
whole leaf is devoured except possibly the largest veins. The 
younger stages of the caterpillar will, if disturbed, suspend 
themselves by a strand of silk, and upon further jarring will 
usually drop to the ground. When the caterpillars are 
numerous on a tree, they are disposed, at the end of the feeding 
period, to migrate to considerable distances. The caterpillar 
will crawl down from the tree upon which it hatched and 
matured, and ascend the trunk of another tree in order to 
spin its cocoon, | 

Natural spread of the insect.— The spreading of the insect 
from one tree to another and from one locality to another 
depends very much upon the migratory habits of the cater- 
pillar. In this way trees that have in the past been free from 
injury may become infested. The caterpillars are, when 
numerous, undoubtedly often carried from one place to another 
by dropping on passing vehicles or people. In addition, the 
insect may be transported in the egg stage, as the egg masses 
are often attached to nursey stock. 


NATURAL ENEMIES OF THE TUSSOCK MOTH. 


Birds.— The tussock moth has a large number of efficient 
natural enemies, which do much to decrease the numbers of 
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caterpillars and prevent even greater injury than is now 
accomplished. A number of birds are known to feed upon the 
larvee, especially on the younger stages. The fact that our 
native birds are present in cities in comparatively small num- 
bers has been assigned as a reason for the greater abundance 
of caterpillars in cities than in the rural districts where birds 
are more plentiful. 

Insoct parasites.— In addition to the birds the moth has a 
large number of parasitic enemies, including some very active 
species. During the past season, parasites have been nu- 
merous. Examinations of cocoons about Geneva indicated 
that 60 per ct. of them were parasitized, while in the vicinity 
of Lockport the parasitism of cocoons in some orchards 
reached 80 per ct. Mr. B. D. Van Buren reports that in some 
of the localities in Buffalo, where the caterpillars were very 
numerous and the trees had been stripped of their foliage, 
95 per ct. of the cocoons were parasitized. In this latter in- 
stance only an occasional egg mass could be found, although 
the cocoons were distributed in considerable numbers over the 
trees. Of the parasitized cocoons examined at Lockport and 
Geneva, fully 95 per ct. were infested with Pimpla inquisitor 
and P. conquisitor, the former species being the more numer- 
ous. A few cocoons were found infested with larve from which 
a number of tachinid flies were bred. Through the courtesy 
of Dr. Howard, these were examined by Mr. ©. H. T. 
Townsend and identified by him as Tachina clisiocampae 
Towns. and Sisyropa sp. nov. 


MEASURES FOR THE CONTROL OF THE .TUSSOCK 
MOTH. 


IN ORCHARDS. 


1. Collecting egg-clusters.—A. severe outbreak of this pest 
in fruit orchards, such as occurred during the past spring in 
Niagara County, could be entirely prevented by destroying the 
eges of the insect. These eggs are deposited in clusters and 
appear as a mass of white froth, about one-half inch wide and 
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an inch to an inch and a half long. The eggs are firmly held 
together by the tough material that gives the mass its frothy 
appearance, and most of the clusters are located in plain view 
on the trunks and branches of the trees, where they may be 
easily scraped off with a hoe or other sharp instrument and 
destroyed. In this work a search should be made for egg 
clusters that are attached to the smaller branches. These 
are often partly hidden by leaves that are attached to the 
cocoon on which the cluster has been deposited. The egg 
masses should be collected some time during the fall and 
winter or in the spring before the first of May. In the southern 
part of the State and on Long Island, where there are two 
broods of the insect, a summer collection of eggs should be 
made. 

2. Spraying with arsenicals.— Next to destroying the eggs, 
the use of arsenical sprays is the most efficient means of 
preventing injury by this pest. More care in coating the 
undersides of the leaves than is usually observed in the regular 
applications of bordeaux mixture and poison that are made 
preceding and at blossoming time, would do much to prevent 
an outbreak of this and other leaf-feeding pests. However, 
if the caterpillars are not discovered until they have begun 
to eat into the fruit, it is advisable to use larger amounts of 
the poison than is customary in spraying for the codling moth. 
In making the application precaution should be taken to coat 
the fruit and both surfaces of the leaves with the spraying 
mixture. 

3. Jarring the trees—— The foliage and fruit of small trees 
or even occasional branches of large trees that are being 
injured by the caterpillars may be saved from further loss 
by shaking. When the branch is jarred, the caterpillar sus- 
pends itself by a strand of silk, and will drop to the ground 
if the shaking be continued. A padded mallet or pole can be 
used to jar the branches, and the insects, as they drop, may 
be caught on a sheet or curculio catcher. This is a slow, 
tedious method of combating the pest, but by this means 
further injury to the fruit crop may often be prevented. 





PratTe XXIV.— Lire StAces or Tussock MoTH: Fics. 1 AND 3, ADULT MALE 
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PARASITIZED COCOONS. 
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4. Banding the trees.—In conjunction with collecting the 
egg masses or spraying, banding will serve to protect the trees 
from reinfestation by migrating caterpillars. This is often 
desirable when there are badly infested trees in the immediate 
vicinity. The band may be made of a strip of raw cotton or 
sticky fly paper. The cotton should be tightly fastened about 
the middle so that it is loose above and below. The barbed 
hairs of the caterpillar become entangled in the cotton fibres, 
and it is unable to pass over the band. In order to be effective, 
the bands should be renewed from time to time as they become 
soiled or matted by rain. In this latitude the bands should be 
employed during the months of J une, July and August. 


ON SHADE TREES. 

The same measures that are recommended for the treatment 
of this pest in orchards are also applicable to the treatment 
of shade trees, only here more emphasis should be placed on 
the value of banding the trees and collecting the egg masses. 
Spraying shade trees is not practicable for the average prop- 
erty owner because the trees are usually of large size. Such 
operations require special machinery and men having consid- 
erable knowledge of spraying methods. Spraying of shade 
trees is not done to any great extent except where the work 
is directed by the municipal authorities. However, it is in 
the power of every resident to completely protect his trees 
by destroying the egg masses and banding the trees to prevent 
reinfestation by migrating caterpillars, 


CONCENTRATED LIME-SULPHUR MIXTURES:* 


Ue Pe ap URAC 6 he 


SUMMARY. 


During recent years commercial preparations of the lime- 
sulphur wash have been introduced into this State, and in 
several centers of fruit production they have been extensively 
used to combat certain injurious insects and plant diseases. 
Thorough spraying with these mixtures at effective strengths 
has generally given satisfactory results on the scale and 
blister-mite; and the experiences of many large orchardists 
indicate that the best commercial brands are efficient substi- 
tutes for the home-made wash for these pests. 

Analyses of samples of commercial mixtures sold in the 
State during the spring of 1gog showed some brands to vary 
in the density of the clear solution and in the amount of sedi- 
ment they contained. The range of density was from 26.8 to 
33.9 degrees Beaumé, and the variation in sediment was from 
o to 19.42 per ct. 

Compounders of certain brands have established a standard 
strength for their lime-sulphur solutions, which is guaranteed 
to the purchaser. These preparations consist of a clear reddish 
liquid, which is free from sediment and tests between 32 and 
34 degrees Beaumé. Brands that show considerable variation 
in their chemical or physical composition should be avoided. 

Field experiments to test the value of the sediment of a com- 
mercial lime-sulphur mixture in controlling the San José scale 


*A reprint of Bulletin No. 320. 
[414] 
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demonstrated that the insoluble portion possesses very weak, 
if any, insecticidal properties on this pest. The sulphur sprays 
derive their chief insecticidal value from the soluble lime- 
sulphur compounds. The addition of the sediment of a com- 
mercial or home-made lime-sulphur wash as extra material has 
apparently no detrimental influence on the effectiveness of the 
clear solution. The strength of the diluted preparation should 
be based on the clear solution. 

On the basis of reasonable efficiency and cost, the strengths 
of effective mixtures for the San José scale, using a lime- 
sulphur solution testing 33 degrees B., range from one gallon 
of the concentrate diluted with eight gallons of water to one 
gallon of the solution diluted with eleven gallons of water. In 
orchards where the scale is not thoroughly controlled, the 
stronger mixtures are recommended. For spraying for the 
blister-mite, a dilution of one gallon of the concentrate to 
eleven gallons of water makes an effective spray. 

Present evidence indicates that the common spraying arsen- 
icals do not materially affect the value of lime-sulphur mix- 
tures. In spraying for the scale or blister-mite, an arsenical 
in the usual amount for orchard treatment may apparently be 
safely added to a diluted sulphur solution for the purpose of 
controlling the bud-moth and casebearers, which are now very 
destructive in many apple orchards. 

The second year’s experiments with the home-made concen- 
trated lime-sulphur wash gave satisfactory results on the scale 
and blister-mite. The different preparations showed some 
variation in the density of the solution and in the quantity of 
sediment, requiring the use of a hydrometer to obtain diluted 
mixtures of definite strength. This method of preparing a sul- 
phur spray has several advantages, and should be tested by 
fruit growers owning suitable cooking outfits, to determine its 
applicability under their own conditions. The history of the 
commercial lime-sulphur mixtures indicates that the average 
fruit grower prefers to buy the prepared mixtures. 
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INTRODUCTION. 

There is at the present time much demand for information 
along various phases of the subject of sulphur sprays. These 
demands the Station has attempted to meet: —- (1) By a chem- 
ical study of the compounds formed in making a lime-sulphur 
wash; (2) by the determination of the composition of various 
commercial brands; and (3) by experiments, which are to 
Serve as a basis for recommendations of the concentrated solu- 
tions. Some of the conclusions of the chemical investigations 
have been presented,' and it is reserved for this discussion to 
present especially some practical applications of the results of 
these efforts, that there may be a better understanding of the 
nature and uses of the concentrated preparations of the lime- 
sulphur wash for orchard treatment. 


COMMERCIAL CONCENTRATED LIME-SULPHUR 
MIXTURES. 
HISTORICAL, 

The commercial lime-sulphur solutions were introduced in 
this State during 1907 and 1908, when two brands were tested 
experimentally in various communities, to determine princi- 
pally their effectiveness for the scale and blister-mite, and for 
certain fruit diseases. The satisfactory results attending some 
of these tests were given widespread notice, which encouraged 
a much more extensive use of these mixtures during the past 
spring. The demand for the commercial brands prompted 
other companies to compete for the trade, so that there are now 
at least five companies which are selling their preparations to 
the fruit growers of this State. The mixtures were generally 
sold at from 17 to 20 cents a gallon according to the locality 
of the purchaser. In some communities, where competition 
was keen, the cost was as low as 15 cents a gallon. The sales 
for the spring of 1909 amounted to approximately 4,500 barrels. 





See Bulletin 319 of this Station by Dr. L. L. Van Slyke, C. C. Hedges 
and A. W. Bosworth. (Reprinted on pages 352-387 of this Report.) The 
analyses given in this article were kindly furnished by these authors. 


New York AGRICULTURAL EXPERIMENT STATION. 417 


In the use of these new sprays for the blister-mite, fruit 
growers generally have been very successful. In the operations 
against the scale, varying results have been reported. The 
failures for the most part have been largely due to attending 
circumstances rather than to any deficiencies in the leading 
brands. In the light of experimental tests and the successful 
operations of many orchardists it appears that the best com- 
mercial lime-sulphur solutions used at effective strengths are 
efficient substitutes for the home-made wash for these two 
pests. The history of these proprietary mixtures in the West 
indicates that in this State there will be in the future a more 
extensive employment of these preparations, largely because of 
their efficient properties and of the convenience in handling 
them. 


NATURE OF THE MIXTURES. 


The commercial mixtures, like the home-prepared wash, are 
derived from lime and sulphur. These ingredients, when used 
alone, dissolve only slightly in water, but when they are boiled 
together, they unite, forming a series of compounds which are 
very soluble. These make the lime-sulphur wash or spray which 
is employed as an insecticide. The commercial brands differ 
from the home-made wash principally in that they are ina 
highly concentrated state, which has made it feasible to prepare 
a sulphur wash as a commercial commodity, to be stored, 
shipped and sold for insecticidal purposes. The most concen- 
trated of the leading commercial brands are approximately 
eight or more times as strong as the home-made mixtures. The 
best of these preparations also differ in appearance from the 
wash made by the fruit grower himself, in that the heavy sedi- 
ment or mud has been excluded, either by settling or filtering. 
This process takes out the insoluble ingredients and leaves the 
solution a clear, sparkling, reddish or deep cherry color. The 
liquid contains the soluble lime-sulphur compounds, which give 
the wash its insecticidal value. Another important property 
of the more carefully prepared of the commercial brands, un- 
like the home-boiled wash, is their comparative freedom from 

14 
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crystallization when cold, even in prolonged storage. This has 
been attained by using the minimum amount of lime necessary 
to combine with the sulphur, and by keeping the clear concen- 
trate in tight containers. | 

The relative amounts of sulphur in solution in the common 
lime-sulphur wash and two commercial preparations, one being 
of low density and the other of high density, are as follows: 


TABLE I.— SoLUBLE SULPHUR IN LIME-SULPHUR MIXTURES. 














Sulphur Sale Thio- 
Degrees in Total Wide sul- Lime 
Beaumé, one sulphur. ny Hitt phate (CaO). 
barrel. SMpAet-F suinnur, 
Lbs Per ct IPEVECl. | Peren Per ct 
2Common lime- sulphur wash. 6.6 Ls 3.50 2.40 1.10 3.00 
Commercial concentrated 
lime-sulphur solution, low 
Gensityierst We ase eres 4 26.8 95 18.70 16.50 2.20 8.20 
Commercial concentrated 
lime-sulphur solution, high 
density fh. PRA 34.5 135 26.50 25.60 0.90 10.90 


VARIATIONS IN COMMERCIAL MIXTURES. 

Density of clear solution.—Variations in the degree of con- 
centration of the commercial lime-sulphur mixtures may occur 
with different barrels of the same brand. Some companies 
compounding these sprays have apparently not been able to 
produce a wash of definite strength or have failed to realize 
the importance of maintaining a uniform grade for their pro- 
duct. In the early history of concentrated-wash making, it 
was apparently a difficult matter to make the different boilings 
of uniformly high density, and frequently preparations from 
the same firm showed considerable variation in the amount of 


*This wash was prepared after the common formula of lime 20 Ibs., 
sulphur 15 lbs. and water 50 gals. It is probably a stronger mixture than. 
is generally made. 
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sulphur in solution in their preparations. Analyses of the 
Samples of the different brands sold in this State during the 
past year show that this variation may still occur, for the 
range in densities of the solutions that were examined was 
from 26.80° to 33.90° Beaumé. The approximate amount and 
value of sulphur in solution in preparations included in this 
range of densities are given in the accompanying table. 


TABLE IJ.— APPROXIMATE AMOUNT AND VALUE OF SOLUBLE SULPHUR IN 
MIXTURES TESTING FROM 26? TO 34° B. 


‘ Percentage 
Degrees Beaumé. of Value?’ of sulphur. 
sulphur in solution. 








Per ct 
DAG, ml Oat ag Mee baltatecadea 4 aU Oae pelle a eT te ar a 16) $7 .87 
ee Tene COW re i gel Mah Be iA oe Oye) rs: 2050 8.19 
rst 9 6 ye Denaro re Roo See anon sae ee ee ee ne PA ase 8.48 
ARDY 0; ceeded tend iM: Ce ani v8 plane 1 ce ae 2204: 8.78 
I te PRC cent | EN Dn a BRS 22.80 9.09 
Ee Or a. ier. ba Peat ces, Me vue woes 23 .56 9.39 
Bisa SP Solo in| 2 ROAR STs A aE Aa oo ERA A ae lee a ee 24 .32 9.69 
Pe ee eae ree ae ute sr er ch al ia, 25.08 10.00 


OCCURRENCE OF SEDIMENT. 

In making a lime-sulphur wash, there is always more or less 
sediment or residue, which on settling largely accumulates in 
layers on the bottom of the cooking vessel. This is composed 
for the most part of undissolved lime and sulphur, of insoluble 
compounds derived from the lime and sulphur and of various 
impurities of the lime, principally magnesium. One of the 
striking differences among the brands sold in this State during 
the past year was in the relative freedom from sediment or 
sludge. Some preparations were entirely clear, the residue 
having been excluded, while preparations of another brand were 
apparently neither strained or filtered, and contained a vary- 
ing amount of sediment. The variation of the different brands 
in this respect is shown in the accompanying table. 


* Valuation is based on solution testing 33° B. and selling for $10.00 a 
barrel. 
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TABLE III.—- SEDIMENT IN COMMERCIAL PREPARATIONS. 
































Beaumé | Sulphur SEDIMENT. | 
Teading in 
NAME OF BRAND. of solution = |————————>ApvY NN 
clear in one Free Sulphur | Calcium, {Sediment 
solution. barrel. sul- as magne- in one 
phur. sulphite. }| sium, etc.} barrel. 
Deg. Lbs. Per ct. Perechs erick: Lbs. 
rasselli tic oe eielelereie sys 32.4 139 —_— — — — 
BF PEER Oe Ne oe 32.0 131 — — —_ _ 
AUG eRe ee eens 31.8 131 — — — — 
Ni @PATR Ee, wae Sis tees fe eho 30.4 124 — — — == 
soll (HARA eto ferettaceea Tete 34.5 130 6.8 15.9 28.4 74 
th Uo: Sean ea Seed ae! 31.1 106 an) Oey 29.9 110 
vrei indict a hater ch te Cae ws be kame 31.4 119 0.9 16.0 29.0 45 
HROX HS Sales ee eee tere ol. 129 — — = 
RT SO ee Bo LO 138 pe — —— = 
UTR RYO Oee © Sas ES Sin? 129 — — — — 
THODISCH Mary lae eae 26.8 96 — — = == 
St) Mia ewere eLeee tee 33.9 139 — = — sic! 


These variations in the amount of soluble sulphur and sedi- 
ment largely explain the conflicting results obtained by fruit 
growers in their spraying operations for the scale. The an- 
alyses also emphasize the importance of uniformity of compo- 
sition, especially in its bearing on the question of the market 
value of the goods and in the matter of dilution to obtain prep- 
arations of constant strength. The more reliable compounders 
have realized the necessity of producing a uniform, high-grade 
product, and have established a standard strength for their 
preparations, which is guaranteed to the purchaser. This 
standardization of the various brands will presumably be gen- 
erally adopted, as there would apparently be but a small de- 
mand for mixtures that show considerable variation in their 
chemical or physical composition. 


THE INSECTICIDAL PROPERTIES OF THE SEDIMENT 
OF THE LIME-SULPHUR WASH. 
Considerable interest was created throughout the leading 
centers of fruit production by the claim that sediment is a de- 
sirable ingredient of a concentrated mixture. Mixtures con- 
taining insoluble sediment or sludge were recommended and 
were reported as being sold for a higher price than the clear 
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solution of the same brand. While the value of the sediment 
was not definitely known, it has been supposed that the effi- 
ciency Of lime-sulphur washes as insecticides is chiefly deter- 
mined by the soluble lime-sulphur compounds, and that in com- 
parison with these the insoluble sludge is a much less import- 
ant constituent. To determine the relative effectiveness of the 
soluble and insoluble ingredients of the lime-sulphur wash on 
the San José scale was the aim of the following experiments. 


EFFECTIVENESS OF SEDIMENT ON THE SAN JOSE SCALE, 

The trees in these experiments were much infested with the 
San José scale. The sediment was taken from several barrels 
of a commercial brand, containing about fifteen per ct. of in- 
soluble material, which was obtained by filtering. The filtrate 
was then repeatedly washed until tests showed no traces of 
soluble sulphur. This filtrate, when dried and ground, pre- 
sented the appearance of a greyish powder. Chemical analyses 
showed that the sediment consisted largely of calcium sulphite, 
calcium sulphate, and free sulphur. 

Series I.—In this first series several tests were made with 
the sediment, in the proportions of one gallon of the stiff paste, 
thinned with nine or eleven gallons of water. The mixtures 
were applied with a spray pump. The applications after drying 
left a light coating on the trees, which was of a bluish gray 
color. For purposes of comparison some treatments were 
also made with lime-sulphur solution testing 33° Beaumé at 
dilutions of one gallon to either nine or eleven gallons of water. 

Results on scale-—Applications of the sediment of either 
dilution had no appreciable destructive effects on the scale. 
The production of the young at the beginning of the breeding 
season was apparently as abundant as that occurring on the 
untreated trees, and throughout the summer there was no ap- 
preciable difference in the amount of infestation of the checks 
and of the trees sprayed with the sediment. The treatment 
with the clear solution, diluted with nine parts of water, prac- 
tically destroyed the scales, as only an occasional active larva 
was observed. The weaker preparation, containing one gallon 
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of the concentrate diluted with eleven gallons of water, while 
not so effective, greatly reduced the amount of breeding, and 
cleaned the bark of many of the older scales. The adhesive- 
ness of the clear solution was noticeably superior to that of 
the sediment. 

Series [1.—This comprised a number of miscellaneous ex- 
periments, repeated at various intervals, with sediment from 
which the soluble sulphur compounds had been removed by de- 
cantation. This was applied at different consistencies by mix- 
ing with one or more volumes of water. For purposes of com- 
parison many other trees, similarly infested with scale, were 
thickly painted with calcium sulphite, calcium sulphate, and 
lime paste. Some small trees growing in a greenhouse were 
given the same treatments to facilitate closer observations on 
the movements of the young scales. 

Results on the scale.— The trees that were grown in the open 
field exposed to the usual conditions of weather were practi- 
cally free of the heavy coating before the appearance of the lice, 
although the bark showed some discoloration by the treatments. 
Trees similarly painted with these materials but which were 
grown in a greenhouse, free from the influences of weather, re-_ 
tained their coatings intact for a long time after breeding com- 
menced. None of the applications made to the trees growing 
in the open and subjected to normal weather conditions effi- 
ciently controlled the scale. The lime-sulphur sediment, cal- 
cium sulphite, calcium sulphate and lime wash, applied as a 
rather thick paint to form an appreciable crust on the bark, 
removed, on weathering off, some of the old scales, but in no 
instance did the treatments prevent considerable production of 
young scales. 

Of the experiments in the greenhouse, the applications of 
these same materials, using them in the consistency of thin 
paint, had no important effect in reducing the numbers of 
young scales. The trees, however, which continued to be 
thickly coated with the application at the time of breeding, 
were generally exempt from new infestation. Large numbers 
of the mature females were able to project the posterior por- 
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tions of their bodies through the crust, but few young were 
born, and these were apparently unable to establish themselves, 

Conclusion.—In the tests, conducted under ordinary field 
conditions, the insoluble sediment has shown very weak insecti- 
cidal properties. Thorough applications of it have never ma- 
terially checked the breeding of the San José scale, and conse- 
quently have afforded very little, if any, protection to the trees. 
As has generally been believed, the experiments have shown 
very conclusively that, as regards this insect, the lime-sulphur 
wash derives its chief insecticidal value from the soluble lime- 
sulphur compounds. In purchasing preparations for scale 
treatment, the presence of sediment in appreciable quantities 
in a commercial lime-sulphur mixture is undesirable for two 
reasons,—(1) because of its cost, and (2) because of the dan- 
ger of uncertain results in spraying, through the substitution 
of insoluble materials for the clear solution. 

Judging from the results of these experiments it would ap- 
pear that there is no objection to adding the sediment, or 
sludge, of a commercial or a home-made lime-sulphur wash to a 
clear solution as extra material, to give body to the prepara- 
tions. The actuai value derived from their addition is not 
known. <A _ heavy coating on the trees serves to indicate the 
thoroughness of the spraying, and according to its thickness 
and adhesive properties exerts certain smothering effects on 
such sluggish insects as scales and lice. On weathering off, 
the flakes of the insoluble materials also carry with them some 
of the protective coverings of the scales, and perhaps a few of 
the insects themselves. 


STRENGTHS OF EFFECTIVE MIXTURES FOR SCALE 
AND BLISTER-MITE. 

In the use of the commercial lime-sulphur solutions there 
has been quite a little uncertainty as to the range of dilution 
with water, to obtain:mixtures of suitable killing properties. 
The proportions that have usually been recommended for dor- 
mant treatment in advertising circulars would appear, on the 
basis on the sulphur content, to make a weaker spray than the 
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ordinary home-made mixture as it is used in this State for 
the treatment of the San José scale. To determine the 
strengths of efficient mixtures, experiments were made with 
commercial brands at various dilutions for the treatment of 
the scale and leaf blister-mite. 


EXPERIMENTS WITH CONCENTRATED SOLUTIONS ON THE SCALE. 

The concentrated lime-sulphur wash used in these experi- 
ments tested 35° Beaumé and was free from sediment. The 
range of dilution was from one gallon of the clear solution with 
four gallons of water, to one gallon of the concentrate with fif- 
teen gallons of water. Tests were made once in 1908 and were 
repeated in three different plats during 1909. The trees were 
of the same age and variety, and were generally well infested 
with the scale. 

Results on scale and discussion.—As compared with un- 
treated trees, all of the applications at the range of dilution 
given showed improvement in the conditions of the trees with 
respect to the scale. As was to be expected, the stronger mix- 
tures, broadly speaking, were more efficient and gave uni- 
formly better results than the weaker preparations. However, 
the experiments did not indicate as decisively as was desired 
the exact dilution, which, from the standpoints of reasonable 
efficiency and cost, would make a satisfactory spraying mix- 
ture for average orchard conditions. For practical use, the 
strengths of effective mixtures seem to range from one gallon 
of the concentrate diluted with eight gallons of water, to a dilu- 
tion as weak as one gallon of the solution to eleven gallons of 
water. Until there is more evidence by the fruit growers them- 
selves, showing the range of safe dilution for commercial mix- 
tures under the usual orchard conditions, it appears from 
these results that it would not be safe to take chances with as 
weak mixtures as have been advised. For spraying for the 
scale, especially if abundant, it is recommended that a lime- 
sulphur solution, testing 83° Beaumé, be diluted in the pro- 
portions of one gallon to either eight or nine gallons of water. 
Brands of less concentration should be diluted with propor- 
tionately less amount of water. In orchards that are regularly 
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Sprayed and in which the scale is well under control, it is 
possible that somewhat weaker. preparations than those ad- 
vised may be safely employed, which can be more satisfactorily 
determined by the fruit grower himself from his own ex- 
perience. 


EXPERIMENTS WITH CONCENTRATED SOLUTION OF BLISTER-MITE. 
The experiments were made on Greenings, about forty years 
of age and for several years considerably infested with the leaf 
blister-mite. The concentrated solution used in these tests was 
clear, and registered 33° B. The range of dilution of the ap- 
plications was from one gallon of the solution with eight gal- 
lons of water, to one gallon of the concentrate with fifteen gal- — 
lons of water. Applications were made during November of 
1908 and during April of 1909. In some of the preparations 
lime was used, to determine the value of its addition to a lime 
sulphur-solution for the treatment of the mite. 

Results on mite and discussion.— All preparations of the 
lime-sulphur wash, at the dilutions mentioned, completely con- 
trolled the blister-mite. The addition of lime paste had no ap- 
preciable influence on the effectiveness of the mixture. From 
the results of these experiments, a preparation comprising one 
gallon of lime-sulphur solution, testing 33° B. and diluted with 
eleven gallons of water is an efficient spray for blister-mite, and 
this strength is advised for the treatment of orchards infested 
with this pest, because of its reasonable cost, and its probable 
greater effectiveness for other parasites than more dilute prep- 
arations. As is indicated by the results of the tests, a weaker 
mixture than is advised could undoubtedly be safely used to 
control the blister-mite alone. 


SPRAYING POISONS IN LIME-SULPHUR SOLUTIONS. 


Present studies indicate that arsenical poisons may be com- 
bined with lime-sulphur solutions. The available poisons are 
arsenate of lead*, and arsenitet of lime. Fruit growers who 
are spraying for blister-mite may apparently safely combine the 


*C. E. Bradley. Jour. Indus. and Eng. Chem. 1, 8: 606. 
7 J. P. Stewart. Penn. Sta. Bul. 92. 
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usual amount of an arsenical poison with a diluted sulphur 
solution for the purpose of controlling also the bud moth and 
case-bearer, which are now very destructive in many orchards. 
The arsenite of lime* should be prepared as follows: 


White» arseniois.® ks, in aiis teehee. es ee Sees Tate 2 Ibs. 
Dal soda vcryatals orciecs nonswip% wisut heitin ocean pas ate per ee iaieae 2 lbs. 
VO DEE Sl eed. RM PiU k £ eA iin Sia Batam Bagh Pe kates ana 1 to 14 gal. 


Boil until entirely dissolved, which requires about fifteen 
minutes. Use this solution to slake three or four pounds of 
good stone lime. If this slaking is properly done, the arsenic 
will be combined very effectively, and the arsenite of lime thus 
formed will retain its strength indefinitely. When ready for 
use, add wate, to the product to bring the total up to two gal- 
lons, and stir thoroughly. Two pints of the well-stirred, uni- 
form mixture will then evidently contain one-eighth of the 
original materials or one-fourth pound of white arsenic, in the 
form of arsenite of lime, which is equal to one-half pound of 
paris green. This amount is ample for 50 gallons of diluted 
Spray and it may be added immediately after dilution. 


THE HYDROMETER AND ITS USES. 

To obtain mixtures of definite strength, the lime-sulphur 
solutions should be diluted according to their degree of con- 
centration. The hydrometer is used for this purpose. It is a 
glass instrument, consisting of a weighted bulb with a long 
stem, which determines the weight or density of liquids. Its 
general appearance is indicated in Fig. 11. On the stem of the 
instrument there is a graduated scale, which should be read at 
the general surface of the liquid in which it is supported. 
Hydrometers are of two kinds,— the Beaumé and the Specific 
Gravity, which differ in the standards of measurements on 
which the graduated scales are based. There are instruments 
which have both measurements. Readings on the former are 
given in numerals expressed as degrees, while those on the 
latter are made in decimals. Instruments with a range of 0 to 





* J. P. Stewart. Penn. Sta. Bul.,.92; 
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26 degrees Beaumné or 1.000 to 1.830 Specific Gravity are recom- 
mended. Hydrometers do not detect impurities in lime-sul- 
phur solutions; these can be determined only by chemical 
analysis, 





gi ve etal al be 


‘Hydrometers can be purchased from Bausch & Lomb Optical 
Co., Rochester, N. Y., Eimer and Amend, New York City, 
Whitall Tatum Co., New York City, and wholesale dealers in 
druggists’ supplies. <A convenient and useful outfit may be 
obtained from the Bausch & Lomb Co. This consists of two 
hydrometers, one to determine the density.of the concentrated 
solutions, preparatory to dilution, one to gauge the strength 
of the diluted mixture, and a glass jar, to contain the liquids 
for the tests. Fig. 11. By the use of the two instruments the 
divisions of the graduated scale are made larger, which enables 
the readings to be made with greater ease and accuracy. 


DIRECTIONS FOR DILUTING LIME-SULPHUR 
SOLUTIONS. 
BRANDS OF STANDARD STRENGTH, 

If the brand of concentrated lime-sulphur solution is of 
standard strength, the question of dilution is a simple matter. 
Such a preparation should be clear, free from sediment, and 
should test uniformly between 32 and 34 degrees Beaumé, 
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which can be verified by the hydrometer. For spraying for the 
San José scale and the leaf blister-mite, dilute as follows: 


For San José scale, use one gallon of the concentrated 
solution with eight or nine gallons of water, employ- 
ing the former strength when considerable infestation 
exists. The stronger mixture should give a reading on 
the hydrometer of 4.4 or 4.5 degrees B. or about 
1.030 Sp. G. 

For blister-mite use one gallon of the concentrated solu- 
tion with eleven gallons of water. The diluted mix- 
ture should test on the hydrometer about 3.5 B. or 
1.026 Sp. G. 

BRANDS OF VARYING STRENGTH. 

With mixtures of varying densities determine the strength 

of the clear solution by the hydrometer, and mark the reading 

on the container. In using this stock solution for strong mix- 

tures for the scale or for the blister-mite, dilute in the propor- 

tions given in the accompanying table. 


TABLE IV.— TARLE FOR DILUTING SOLUTIONS OF VARYING CONCENTRATION. 








Amount of dilution. 
Number of gallons of 
water to one gallon of 
lime-sulphur solution. 


Reading on hydrometer. 





: Specific For San For 

Degrees Beaumé. gravity. José scale. | blister-mite. 
5c sere Moe Ae Riacaas eR ON: ane aR Steet ne Ca ets, ie eae 1.3181 1to9 tons 
Sack te eee kine coe atl @ cite tee eee ete ee 1.3063 1“ 84 LF Ake 
oF RRR coe ah ie Sty Tie URES At Net Rr. bel ae eBstm 1.2946 ys Le 
832 .:i ee desea! Abbie ee cede Al ee ee 1.2831 tt ie at ee 1 “ 104 
se ah ibis eatin genes eth Rat ita lak oo aie fn SR A Re 1.2719 i ey £5 ihe ks ayy) 
rT ME NiO! RRR ERE Tat EOS 1.2608 1“ 7 1 “ oh 
AS EE Ea Cs bey Me $d ela 8 Saki edie cai Ay Ch Peo celine ee: 1.2500 ‘tacos A owed 
DR is Aas ae gag | I ake oh rr aaah Ma a Bes cle ihe sso Leos 1 8 
OT os AER TE CE CRG e Bhar hae ree 1.2288 1 a6 I tae y 
DE ice boise le A oO Pe his ese 1.2184 Lo“ 5 1 “ 72 
A; mm a Lt gD Eo ae aan Od ES es eR 1.2083 1 “ 54 | etna 25 
DAP ef) 8 ee SR Aen ees Role NT, ee Sen ee 1.1983 1 bt pA 7 / 
1 a AME. eet AL rte wh RA AER Reig hy iis ol igs 1.1885 1 “ 43 1 “ 62 
DD 8k hone. Ges sbie all RAB ee ian RL fe eee ee 1.1788 ee os 1 64 
1: See Fae tT te po dns Oe Ta ah 1.1693 1 “ 44 1 “ 53 
DOIN Bes ESS eae Me ERE ere Ee 1.1600 Lied 1 es 
TA MRR MEMO AL AED Ser ye 1.1507 1“ 33 1 “5 
PRY Oe Peet. te bs oes Sir Ue eee ae eRe ee 1.1417 IN Te tr 1 “ 42 
Te ea yee ke ee 1/1328 1“ 3 1“ 4} 
DORR Pe oes eee i eee eo aE cee eee 1.1240 eet 12% 1 44 
DERE RC EAN cn cal ost Aphis Ky apes lose esac, ta baat de Rena ear Lelio Liao roe 
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THE HOME-MADE CONCENTRATED LIME-SULPHUR 
. WASH. | 

In Bulletin 306 of this Station, the attention of our fruit 
growers was called to the formula for a home-made concen- 
trated lime-sulphur wash. The steps required in mixing the 
ingredients and in cooking the wash are similar to those in 
preparing the sulphur wash by the common method. In the 
treatment of the Station orchards and in several rather ex- 
tensive co-operative tests, many barrels of mixture by the new 
formula were used, and whenever the preparations were ap- 
plied at efficient strengths, as indicated by hydrometer tests, 
satisfactory results were obtained on the scale and blister-mite. 
It is a convenient method of preparing a lime-sulphur wash 
and could be employed for several useful’ purposes by fruit 
growers who have had experience in making their own sulphur 
sprays. It should especially meet the needs of farmers owning 
detached orchards at considerable distances from the cooking 
plants. The advantages of this mixture are:—It has no coarse 
sediment to clog nozzels and to cause the rapid wearing out of 
the packing, lining and other parts of the pump, and it may be 
prepared in concentrated solutions to be diluted as needed. 
For the present we advise fruit growers, making their own sul- 
phur sprays for the treatment of the sc ale, to continue to use 
the common boiled wash for the larger portion of their opera- 
tions and to employ the concentrated solution experimentally 
until its effectiveness for this pest under their own conditions 
is thoroughly established. The history of the commercial con- 
centrated lime-sulphur solutions indicates that the average 
fruit grower prefers to use the prepared mixtures. 


FORMULA.* 
ie TTT Ba ste RRR is Miller 6 lola gehen rer niin we er a x 60 lbs. 
SCR RA Sees 1k 2% < Ady eet PN EL te ¢ oidan Dade sasuke G ee 
“VEN S Siva aet Oe SR I SR eae Sea re eh hen aU nm Lae tA 





* Some changes are being made as regards to the proportions of lime and 
sulphur but we give this formula as it is the one that we have used in our 
tests. 
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MATERIALS, 

The forms of sulphur which are adapted for concentrated 
Solutions are flowers of sulphur, and light and heavy sulphur 
flour. These can be obtained from the wholesale druggist hand- 
ling spraying supplies. The lime should be fresh lump lime, 
free from dirt and grit. It should test not less than 90 per ct. 
calcium and should contain not more than five per ct. of mag- 
nesium oxide, 

COOKING THE WASH. | 

Slake the lime, which should be of a consistency of thin paste, 
and add the sulphur. Stir the materials thoroughly during 
the cooking process in order to break up the coarse lumps of 
sulphur. Boil the wash vigorously for one hour, in which time 
the sulphur should be completely dissolved. In starting the 
wash to cook, a sufficient quantity of water should be used to 
provide for shrinkage so that there will be fifty gallons of mix- 
ture at the completion of the boiling. With kettles an allow- 
ance of ten or fifteen gallons may be required while an outfit 
using direct steam will usually not need additional water. A 
few boilings should indicate the quantities of water needed to 
make approximately the amount of concentrate given in the 
formula. In using barrels or kettles of fifty gallons capacity, 
it is advisable to make one-half of the mixture provided by the 
formula, to avoid losses by the boiling over of the materials. 


BARRELING THE CONCENTRATED SOLUTION. 

If the concentrate is not for immediate use, it should be 
stored in tight containers. After boiling is completed, strain 
the mixture into a barrel, which should then be corked. A 
sample of the clear solution should be tested by the hydro- 
meter, and the reading marked on the container, to indicate 
the required dilution for future use. The coarse particles of 
sulphur in the residue may be cooked up in later boilings. 


STORAGE OF LIME-SULPHUR SOLUTION. 
Lime-sulphur solutions may safely be stored if they are not 
subjected to very low temperatures. In general one should 
avoid prolonged storage and prepare the mixtures just preced- 
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ing or at the time of the spraying operations, when dangers of 
freezing are avoided. According to Stewart* a solution of 32.1 
Beaumé (1.28 Sp. G.) does not freeze above 5° F. and shows no. 
deterioration by freezing. Mixtures of lesser density will 
freeze at higher temperatures. Preparations that are to be 
used within a few days may be kept if desired in open vats or 
barrels. In this case, transfer the hot concentrate to the 
proper container, and cover the surface of the liquid with a 
thin film of mineral oil. 


DIFFICULTIES IN MAKING CONCENTRATED SOLUTIONS. 

The principal difficulties to be met in making a concentrated 
lime-sulphur solution are to obtain preparations of high densi- 
ties and to avoid large amounts of sediment. In the Station 
tests,{ the different boilings varied in degrees of concentration 
and when lime containing magnesium was used, there was 
always quite a quantity of sediment. In our own experience 
we found it impracticable to attempt to obtain solutions of 
definite strength. As soon as the cooking was done, the prepa- 
ration was immediately applied or barreled. For use, the clear 
solution was tested with a hydrometer, and the preparation 
was diluted with water according to its density. It is impossi- 
ble to avoid a certain amount of sediment but to reduce the 


Senn. Sta. Bul. 92: 

+ The variation in the density and in the amount of mixture in different 
boilings is illustrated by the following examples. One-half of the materials 
required by the formula were used. The lime was 91 per cent. ealeium 
and five more pounds were added because of the impurities. The tempera- 
ture of the mixtures was 70° F. and apparently all the sediment had set- 
tled when tests by hydrometer were made. 

(1) Cooked by kettle;—extra water 22 gals. Amount of concentrate 

314 gals. Clear solution tested 264° B. 
(2) Cooked by kettle;— extra water 16 gals. Amount of concentrate 
223 gals. Clear solution tested 33° B. 
(3) Cooked by steam coil;— extra water 3 gals. Amount of concentrate 
27 gals. Clear solution tested 273° B. 
(4) Cooked by steam coil;—no extra water. Amount of concentrate 
25 gals. Clear solution tested 28° B. 
(5) Cooked by direct steam ;—no extra water. Amount of concentrate 
24 gals. Clear solution tested 32° B. 
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quantity one should employ high-grade lime, practically free 
from magnesium compounds. By using lime testing at least 
90 per ct. calcium, and with thorough stirring and vigorous 
cooking we have been able to make concentrated solutions, 
which ranged in density from 25° to 33° Beaumé. There was 
practically no coarse sediment in any of the boilings; and 
usually all of the mixtures would pass through the ordinary 
strainer. It is not advisable to separate the clear liquid from 
the insoluble materials because of the time required by this 
operation and the loss of efficient liquids. 
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A COMPARISON OF TILLAGE AND SOD MULCH 
IN AN APPLE ORCHARD.* 
U. P. HEDRICK. 





SUMMARY. 


In an attempt to answer the question as to whether the apple 
thrives better under tillage or in sod, the New York. Agricul- 
tural Experiment Station is conducting two experiments. This 
bulletin is a preliminary report on one of these experiments. 

The problem on hand is to determine what the comparative 
effects of tillage and sod are on the apple. The method of tillage 
chosen was to plow in the spring, cultivate until late July, and 
follow with a cover-crop. The sod method chosen was that 
known as the sod-mulch, or Hitchings, method in which the grass 
is cut as a mulch. 

The experiment under consideration was begun in 1903 in the 
orchard of Mr. W. D. Auchter, near Rochester, New York. This 
orchard consists of nine and one-half acres of Baldwin trees 
Set in .1877, forty feet apart each way. The number of trees 
in the sod plat is 118; in the tilled plat, 121. 

In topography the Auchier orchard is slightly rolling. The 
soil-is a fertile Dunkirk loam to a depth of ten inches, underlain 
by a sandy subsoil. Variations in soil are few and slight. 

The trees in the two plats received identical care in all orchard 
operations excepting soil treatment. The grass in the sod plat 
was cut twice in three of the five years, in the other two but once. 
The tilled land was plowed each spring and cultivated from 
four to seven times. , 


The relative merits of the two treatments were gauged by all 
important characters of fruit and tree. Statements of results 
follow: | 





* A reprint of Bulletin No. 314. 
1435] 
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The average yield on the sod plat for the five years was 72.9 
barrels per acre; for the tilled plat, 109.2 barrels; difference 
in favor of tilled plat, 36.3 barrels. | 

Estimates made at blooming and fruiting time showed a far 
greater number of fruits on the tilled trees. Actual count showed 
434 apples per barrel on thesod land weighing 5.01 ounces each and 
309 apples per barrel on the tilled plat weighing 7.04 ounces each. 

The fruit from the sod-mulch plat is much more highly colored 
than that from the tilled plat. 

The fruit on the sod-mulch plat matures from one to three 
weeks earlier than that on the tilled plat. 

In common storage, fruit from the tilled plat keeps four weeks 
longer than that from the sod plat. In cold storage, the keeping 
quality of the two fruits is the same. 

The tilled fruit is decidedly better in quality, being crisper, 
more juicy and of better flavor. 

The advantage of tillage over the sod-mulch in the matter of 
uniformity of trees and crops is marked. The trees in sod showed 
abnormalities in foliage, branches, roots and particularly in fruit- 
bearing and in fruit characters. 

The average gain in diameter of trunk for the trees in sod 
for the five years was 1.1 inches; for the trees under tillage 2.1 
inches; gain in favor of tillage, 1 inch. 

The dark, rich green color of the foliage of the tilled trees 
indicated that the tilled trees were in the best of health. On the 
other hand the yellow color of the leaves of the sod trees told 
at once that something was amiss. , 

It needed only a glance in the orchard to see that the leaves 
of the tilled trees were much larger and much more numerous 
and that therefore the total leaf area was much greater. 

Leaves from sodded trees and the same number (2,400) from 
tilled trees were weighed and gave 8.7 grams as the average 
weight per leaf for the sodded trees and 11.5 grams for the 
tilled trees. 

The leaves of the tilled trees came out three or four days 
earlier and remained on the trees a week or ten days later than 
on the sodded trees. 
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The average annual growth of branches for the sodded trees 
was 1.9 inches; for the tilled trees 4.4 inches. The average 
number of laterals per branch on the sodded trees was 3.4; on 
the tilled trees 6.7. 

During the dormant season there was a striking difference 
in the appearance of the new wood in the two plats. The new 
wood on the tilled trees was plumper and brighter in color indicat- 
ing better health. 

The amount of dead wood in the sod-mulch trees was much 
greater than in the tilled crees. 

The roots of the trees in the sod-mulch plat came to. the very 
surface of the ground. How much these trees suftered by the 
destruction of roots in the heat and drought of summer or the 
cold of winter cannot be said. In the tilled land the roots were 
_ found in greatest abundance ata depth of from ‘three to ten inches. 

The circumference of the toot systems in the tilled trees is 
approximately circular, but the circumference of the roots of 
the trees in sod is very irregular, indicating a reaching out of 
a part of the roots in response to a demand for more moisture, 
food, or air or to escape some evil effect of the grass roots. 

A fair way of comparing the quantity of the living roots of 
the trees in the two plats could not be found. 

The trees in the outside rows of the sod plat, where the roots 
could penetrate into the tilled land, without exception showed 
better health and greater productivity than the trees in the 
inner rows. 

The average cost per acre for the two methods of management, 
not including harvesting, was $17.92 for the sod; and $24.47 for 
tillage giving a difference of $6.55 in favor of the sod. The 
average net income per acre for the sod plat was $71.52; for the 
tilled plat $110.43, a difference of $38.91 in favor of tillage, 
an increase of 54 per ct. for tillage over the sod-mulch method 
of management. 


Tillage seems to be better than sod for the apple for the 
following reasons: 

The results of 120 moisture determinations in the Auchter 
orchard show that the differences in tree growth and crop in the 
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two plats of this experiment are mainly due to differences in 
moisture, the tilled plat having most moisture. 

As a consequence of the reduced water supply in the sod plat, 
there is a reduced food supply; for it is only through the medium 
of free water that plants can take in food. Analyses show that 
the differences between the actual amounts of plant food in the 
two plats are very small. | 

Analyses show that there is more humus in the tilled plat 
than in the sod plat, contradicting the oft made assertion that 
the tillage method of managing an orchard “‘burns out the humus.”’ 

At a depth of six inches, the tilled soil is 1.1 degrees warmer 
in the morning and 1.7 degrees at night, than the sod land; at 
twelve inches the tilled soil is 2.3 degrees warmer in the morning 
and 1.8 degrees in the evening. 

We are justified; without the presentation of specific data, 
in saying that a tilled soil is better aerated than sodded land. 

Soil investigators are well agreed that beneficial micro-organ- 
isms are found in greater numbers in a cultivated soil than in 
other soils. 


The following application of the results of this experiment 
may be made: 

Nearly all the plants which minister to the needs of man are 
improved by tillage; the apple does not seem to be an exception. 

Results as positive as in this experiment can be made very. 
comprehensive; they should apply to all varieties of apples and 
to nearly all soils and locations. 

The experiment does not show that apples cannot be grown in 
sod; it suggests, however, that apples thrive in sod, not because 
of the sod, but in spite of it. 

While moisture is by no means the only factor to be considered 
in the controversy over the sod and tillage methods of manage- 
ments, it appears to be the chief one. 

There is nothing in this experiment to indicate that trees will 
become adapted to grass. The sodded trees began to show ill- 
effects the first year the orchard was laid down to grass and each 
succeeding year has seen greater injury. 
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INTRODUCTION. 


There has long been a controversy as to whether the apple 
_ thrives better under tillage or in sod. In an attempt to answer 
this question the New York Agricultural Experiment Station — 
is conducting two experiments. This bulletin is a preliminary 
report on one of these investigations, the other not having 
been carried far enough to warrant a report. The first task 
at hand is to define terms, show the need of the investigation, 
and set the limits of the experiment. 


TERMS DEFINED. 


To till is to plow, harrow, cultivate or hoe; to turn, stir or 
loosen the soil about plants. The definition is clear and it is 
not necessary that it be amplified. Neither is it necessary to 
describe the operations, which singly or taken together, consti- 
tute tillage. They are known of all men, for they have been 
practiced since the beginning of agriculture and are now the 
chief tasks of all civilized peoples. 

Fruit growers have found the cover crop so valuable an 
adjunct to tillage that it is now recognized as an indispensable 
part of the tillage method of managing an orchard. When ftil- 
lage is spoken of in connection with orchard management it 
is understood that a cover crop or green manuring crop is 
used with it. 

Sod is surface soil held together by the matted roots of 
living grass. Since any of the several grasses which grow in 
New York hold soil together, sod is variable in its constituency. 
Sods formed by single grasses are rare; they are usually com- 
posed of orchard or blue grass with greater or less quan- 
tities of ox-eye daisy, mullein, fleabane, the plantains, sorrels, 
docks, wild carrot or other weeds. Sods vary more or less in 
the amount of their vegetation. In some orchards they pro- 
duce a very good hay crop and in others the turf-making 
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plants are so sparse in numbers and so scant in growth as. 
scarcely to cover the ground. Because of the differences noted 
the sods in any two orchards are unlike—a fact that must be 
kept in mind in applying the results of this experiment. 

The treatment of the sod in the orchards of this State varies 
greatly. Some orchardists remove the growth of grass as 
hay; others cut it as a mulch for the ground; still others sup- 
plement the natural growth of the land with additions of 
manure, straw or other organic matter to increase the amount 
of mulch. The great majority of the men in New York who 
grow apples in sod, however, pasture their orchards with sheep, 
pigs or cattle. 


INVESTIGATION OF METHODS OF ORCHARD MANAGEMENT NECESSARY, 


The tillage and the sod methods of managing orchards are 
so radically different that they cannot be equally good. One 
or the other is wrong in principle, except possibly in the rare 
exceptions which only go to prove the rule. Since tillage and 
sod culture are both largely practiced in New York, fruit 
growers should know their comparative merits that they may 
have assurance as to whether their practice is right or wrong. 
Then, too, there has been much talk in the State and country, 
pro and con, as to methods of orchard management without 
definite knowledge. In the discussion which has been going on, 
men for most part have been citing particular orchards,—iso- 
lated cases,—and not principles. It seems necessary to estab- 
lish by means of experimental evidence, principles that will ap- 
ply to orchards in general. Lastly, the men who deny the value 
of tillage for the apple are going counter to the established 
theories of agriculture; all admit that farm crops, vegetables, 
flowers, small fruits, vine fruits, and all tree fruits excepting | 
the apple, and possibly the pear, thrive best under tillage. If 
the apple differs from other cultivated plants in this respect, 
the phenonemon is most interesting and well worthy investi- 
gation. > ae 
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THE SOIL CONDITIONS OF NEW YORK APPLE ORCHARDS. 


It is necessary to know something of the orchard soils of 
the State if application is to be made of results obtained on 
the particular soil in which this experiment has been carried 
on. As a preliminary to this report, therefore, questions 
were sent to the 2,000 members of the Western New York 
Horticultural Society and the New York State Fruit Growers’ 
Association to obtain a general idea of the soil and the lay of 
the land of the orchards in New York. The following are sum- 
maries of the replies: | 

Of the 2,000 men addressed, 695 replied, representing 8,947 
acres of apples. Of the men who sent answers, 194 were grow- 
ing apples on clay loams; 173 on sandy loams; 151 on gravelly 
loams, and 77 on loams. The depth of top soil in 333 orchards 
was from 6 to 12 inches; 84, from 12 to 18 inches; 55,.from 18 
to 24 inches; 32, from 24 to 36 inches; 12, from 36 to 48 inches, 
while 12 soils were still deeper. The subsoils range as follows: 
Clay, 354; hardpan, 131; sand, 54; gravel, 53; and rock in 138 
orchards. The land in 310 cases was level or nearly so; in 
318, rolling, and in 55 hilly. 


ORCHARD MANAGEMENT IN NEW YORK. 


It is essential for the application of the results of an in- 
vestigation of this kind to know what methods of orchard 
management are practiced in the region in which the results 
are to be applied. Questions were sent to the persons noted 
in the preceding paragraph and answers came as follows: 395 
orchards are in sod; 370 are cultivated yearly; 33 are culti-' 
vated every other year; while 9 are cultivated at intervals 
of from two to five years. 3 

Of those who cultivate, 277 plow yearly in the spring; 49 
in fall or spring; 34 in the fall; while 9 plow two 
or more times during a season; 16 cultivate yearly but 
do not plow; 48 cultivate yearly but plow only once in 
from one to five years; 312 cultivate only until midseason while 
11 till throughout the season. As to number of times, 14 culti- 
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vate one or two times; 92, three or four times; 69, five or six 
times; 29, seven or eight times; 6, nine or ten times; while one 
man tills twelve, two fourteen and two other enthusiasts fif- 
teen times. Of the 370 men who cultivate, 224 use cover crops 
yearly; 132 use them only occasionally or not at all but plow 
under early green manuring crops or stable manure. 

Of the men who have their orchards in sod, 324 pasture the 
land more or less. Of these 89 keep sheep alone in the orchard; 
98, hogs; 380, cows; 62, hogs and sheep; while 45 use some 
combination of hogs, sheep, cows and horses. Of the 71 men 
who have sodded orchards but do not pasture them, 65 take 
either a yearly or an occasional crop of hay from the orchard. 
Of the orchards in sod 122 are given fall and winter dressings 
of stable manure; on 39 the practice is to cut the grass as 
mulch; on 24 stable manure, straw, cornstalks or other organic 
matter is used as a regular summer mulch; on 52 no mulch is 
applied. 

Of the total number who replied, 569 growers say they use 
stable manure or commercial fertilizers in their orchards; 54 
do not use fertilizers. 

From the expressions made by the correspondents in this 
survey it is certain that the tendency in New York among apple 
growers is strongly toward tillage. Many of those who grow 
apples in sod express the conviction that the trees would do 
better under tillage but because of particular conditions they 
feel that they must keep their orchards in sod. Thus the 
statement was many times made that time could not be found 
to till, spray and take care of field or garden crops. Others 
were forced to keep the orchard in sod for the sake of the 
pasturage. . A few, but they were so few as to be a negligible 
quantity, did not till because their land was so hilly or rocky 
that it could not be tilled. There were many cases in which 
the orchardist believed that his trees grew better in sod than 
under tillage. A careful study was made of these cases; few 
of them were in the commercial apple belts of either eastern 
or western New York where high cultivation is the rule. 
Many of the advocates of sod had deep soils, or soils retentive 
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of moisture such as are found in the numerous river valleys of 
the State. Most of the men who till had tried sod at one time 
or another; few of the men who favored sod had tried tillage; 
none had tried tillage and sod side by side for comparative 
results. 


THE CHOICE OF A METHOD OF SOD CULTURE, 


From the above considerations it is apparent that there is 
a great diversity of conditions and methods from which to 
choose for an experiment of this kind. In making a choice 
the aim was to select that set of conditions which would show 
whether tillage or sod is fundamentally better. Tillage versus 
the sod-mulch method, or the Hitchings’ method, was selected 
as being most suitable. It was deemed impossible to conduct 
a fair experiment between tillage and sod pastured with farm 
animals because the trees in the sod receive an unknown quan- 
tity of fertilizer from the animals which cannot be given in 
similar amounts and in similar manner to the tilled trees. A 
method in which additions of organic matter other than that 
erown on the land was not chosen because it is wholly imprac- 
ticable in this State to mulch orchards with straw or other 
vegetation—it is impossible. to obtain the material for any 
considerable portion of the orchard area of New York. Be- 
side, under the name of the “ Hitchings’ method ” the sod-mulch 
is being more widely recommended for this region than is any 
other method. 


THE PROBLEM IN HAND. 


What are the comparative effects of, tillage and sod on the 
apple tree? The problem in hand is stated precisely in the 
above sentence. As average and normal conditions in all re- 
spects have been selected for the investigation, it follows that 
the more nearly average and normal a man’s orchard is the 
more applicable the results of this investigation. There are 
abnormal conditions, as steep hillsides, very wet, or very sandy, 
or very rocky land, under which trees will grow but in which 
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tillage is impossible. These are the exception, not the rule, 
and the results obtained in the Auchter orchard may not apply 
to them. 

The question of individual expediency must be wholly elimi- 
nated in applying the results of this investigation. It may be 
profitable for a dairyman or a general farmer not competing 
with commercial fruit growers to pasture his orchard, or for 
lack of time neglect tilling it, even though it is not best for his 
trees. In a small home plantation sod makes the orchard a 
place of greater convenience for farm and family than does 
tillage. But these are matters of expediency, not of orchard 
practice. 


PREVIOUS INVESTIGATIONS. 


Much has been written on tillage and sod for the apple but 
the two methods have rarely been tried side by side for com- 
parative results. Out of a great number of reports and discus- 
sions of the subject, only the following seem entitled to be 
called investigations: 


THE WOBURN EXPERIMENT. 


At the Woburn Experimental Fruit Farm, Ridgemont, Eng- 
land, experiments with trees in sod and under tillage have been 
carried on for the past thirteen years and have been reported 
upon from time to time by the experimenters.’ The Third 
Report of the Woburn Farm is a treatise on The Effect of 
Grass on the Apple Tree in which the methods employed, the 
results obtained and the causes of the effects of grass on trees 
are very fully discussed. The conclusions of the Woburn Farm 
investigators as to effects are as follows: 

“As to the general effect produced by grass on young apple 
trees, the results of the last few years have brought forward 
nothing which can in any way modify our previous conclu- 
sions as to the intensely deleterious nature of this effect, and 

1 First, Second, Third and Fifth Reports of the Woburn Experimenta] 


Fruit Farm. 
' ?Third Report of the Woburn Experimental Fruit Farm, 1903:4. 
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we can only repeat, that no ordinary form of ill-treatment— 
including, even, the combination of bad planting, growth of 
weeds, and total neglect—is so harmful to the trees as growing 
grass round them; indeed, the ‘neglected’ trees in plot 44, 
which up to 1900 showed only a slight advantage over the grass- 
grown trees, are now decidedly superior to them, both in size 
and vigor, whilst in the similarly ‘neglected’ plots of stand- 
ards, the trees are but little less vigorous than the normal 
ones.” 

The authors state that their investigation leads them to be- 
lieve that water supply, food supply, and air supply are not 
the principal causes of the deleterious effects of the grass on 
the trees.2 Soil temperature is discussed and dismissed as not 
being a prime factor. The chief hypothesis set forth in this 
report as to the cause of the evil effect of grass on the apple is 
that a toxin is excreted by the grass roots. The statement in 
this regard is as follows:* “ Direct experiments seem to neva- 
tive the possibility of explaining the action of grass on appie 
trees in the various ways which we have discussed above, water, 
food and air supply, and lead us to a conclusion, which has als» 
gradually been forced upon us by the appearance itself of the 
trees throughout the years that they have been under observa- 
tion, namely, that this action of grass is not merely a question 
of starvation in any form, nor of any simple modification of 
the ordinary conditions under which a tree can thrive, but 
that the grass has some actively malignant effect on the tree, 
some action on it akin to that of direct poisoning.” 


INVESTIGATION AT THE OHIO AGRICULTURAL EXPERIMENT STATION, 


In an experiment conducted at the Ohio Experiment Station 
by W. J. Green and F. H. Ballou’ the investigators leave the 
inference that the apple thrives better under a sod and mulch 
method of management than under tillage and cover crops. 
The results obtained by the Ohio Station are as follows: 

3 Third Report of the Woburn Experimental Fruit Farm, 1903:23. 


4Third Report of the Woburn Expcrimental Fruit Farm, 1903:47. 
§ Ohio Sta. Bul. 171., March, 1996. 
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“ COMPARISON OF TREE GIRTHS IN DIFFERENT CULTURE PLOTS.* 
Measurement taken twelve inches above ground. 
Average girth of trees in cover-crop plot (No. 1)................ 9.71 in. 
Average girth of trees in sod-mulch plot (No. 4)................ 10.56 in. 


* COMPARISON OF First YIELD or FRUIT FROM DIFFERENT CULTURE PLOTS. 


_—" —_ 








Method Number Total Average 

Variety - of of weight of weight of 
culture apples apples each 

. specimen 

JONAMIENT, wie stee oe Cover-crop.... 70 21” Als 4.8 ozs. 
ON. See or ..{ Sod-mulch.... 172 554 lbs. 5.16 ozs 
GriMesii hug . aides Cover-crop.... 59 23 Ibs. 6.23 ozs 

bil, Wee Ee Sod-mulch.... 82 304 lbs. 5.95 028, 











* Data given in bulletin as to 
bearing on the subject in hand. 


‘ 


‘sod-culture’’ are omitted, they having no 


Beside this table there are photographs showing that the 
trees in sod are thriftier than those under tillage. In studies 
made of the root systems of the trees, the investigators do not 
make plain which method is most conducive to root develop- 
ment. The effect of the two treatments on the fruit itself, as 
to color, quality, maturity, keeping qualities and size, are not 
given,—an unfortunate omission, for the. value of a crop of 
apples depends much upon the character of the fruit. So, too, 
important characters of the trees are not discussed. The size, 
amount, and color of the foliage of the trees indicate its wel- 
fare; yet the character of the foliage of the trees in the two 
plots is not discussed in this bulletin. There are no state- 
ments regarding uniformity of trees or crop. Were the trees 
uniform in growth and were the 129 apples from the tilled 
plot produced on one tree or distributed over the 40 trees? 
The chief fact presented is a statement of the vield of fruit— 
one crop with a difference of 125 apples between the plats of 
40 trees each. This is scant evidence from which to draw in- 
ference or conclusions. . 

So many of the important details of the method of conduct- 
ing this experiment are lacking that even if the authors’ con- 
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clusions be accepted for the Ohio Station orchard it would be 
extremely difficult to make applications of them to other con- 
ditions. Thus the brief statement that “ the soil is quite uni- 
form as to fertility and general character,” without a word 
in regard to kind of soil, physical and chemical composition, 
depth and previous treatment, is not sufficient to permit wide 
application of the results of the experiment. As regards 
mulching there is only the statement that the trees in sod 
“were heavily mulched with straw.” 

How much straw per acre and the number of times of ap- 
plication are not given. Of the sod mulch trees the reader is 
told that they “ were planted in sod” but whether blue-grass, 
orchard-grass, timothy, clover or a combination of these does 
not appear, nor the age of the sod, how much mulch per 
acre it would produce, nor when the grass was cut for mulch- 
ing. An “annual turning under of a growth of leguminous 
plants ” is spoken of but what the plants were, when planted or 
when turned under is left to conjecture. Even so important 
a matter as the relative cost of the two methods is not con- 
sidered. Without these and other details it is almost impossibl]- 
to gauge the value and applicability of the Ohio experiment. 

Tillage is the rule for all domesticated plants. The 
horticultural authorities of the past have taught that thorough 
tillage is the best condition for the orchard. Practically all 
but the Ohio Station among the experiment stations of America 
now so teach. The burden of proof in the controversy over 
tillage and sod for the orchard rightly fell on the Ohio Station. 
It is assumed that they attempted to furnish such proof in 
this bulletin. But the Ohio investigators cannot convince 
without describing more fully their material, without allowing 
_ their readers to follow all the steps by which their discoveries 
are made, by making plain the logic of their conclusions, and 
by showing a more considerable body and a better quality of 
evidence than they have yet made public. 
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EXPERIMENTS BY THIS STATION. 


The comparison of tillage and sod-mulch for the apple was 
begun by the New York Agricultural Experiment Station in 
the season of 1903 under the direction of Professor S. A. Beach, 
then Station Horticulturist. Experiments were started in two 
orchards in widely separated parts of the State and under 
very different environments; the investigation is to continue 
for five years to come. One of the experiments is located on 
the farm of W. D. Auchter, seven miles west of the city of 
Rochester; the other is on the farm of Grant Hitchings near 
Syracuse, New York. This report has to do with the 
Auchter orchard, work in the Hitchings orchard not having 
been carried far enough to warrant a formal presentation of 
results. The comparative inaccessibility of the latter orchard 
and the immaturity of part of the trees have made it impos- 
sible, as yet, to secure all the data needed for a thorough dis- 
cussion of the experiment. Since the report covers only half 
the period the experiment is to run, it is not final. 


THE AUCHTER EXPERIMENT. 


The trees.—The Auchter orchard consists of a little over 
nine and one-half acres of Baldwin trees set in 1877 at a dis- 
tance apart of 40 feet each way. There are 10 rows in the 
orchard, each containing 26 trees. The accompanying chart 
shows the location of rows and trees. Rows 1 to 5 inclusive 
are under sod-mulch treatment and rows 6 to 10 are tilled. A 
few trees in each plat, indicated in the chart, either because 
of marked inferiority or being of varieties other than Baldwin 
are not in the experiment. The number of trees in the sod- 
plat actually in the experiment is 118; in the tilled plat, 121. 
Previous to this experiment the trees had been under tillage 
with an annual cover crop. Plate XXV shows the adjoining 
edges of the two plats. } 

Topography and soil.—The topography of the Auchter 
orchard and the surrounding fields is typical of the western 
New York apple belt. Beginning at about the center of the 
orchard at the west end, and running diagonally lengthwise 
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toward the southeast corner, is a low and slightly stony ridge 
from which the land slopes gently to north and south. In the 
southwest corner, covering an area of nearly an acre there is 
a slight depression, possibly fifteen feet below the summit of 
the ridge. This hollow is tile-drained; the rest of the orchard 
is naturally drained. 

The character of the soil changes somewhat with the top- 
ographical outlines of the orchard. On the ridge and high 
ground the soil is a fertile Dunkirk sandy loam to a depth of 
nine or ten inches, underlain by a compact sandy subsoil. In 
the depression the type changes to a dark colored Dunkirk 
loam, ten to twelve inches deep, and underlain by a very fine 
compact sand. The subsoil over the entire orchard shows a 
tendency to grow coarser at a depth of three feet and down- 
ward. The orchard was chosen for this experiment because 
the variations in soil were so few and slight. 

Table I shows the composition of the soils and subsoils as 
determined by mechanical analysis. Table XI shows the 
water-soluble plant food in the soil of the Auchter orchard. 


TABLE I.—CoMPOSITION OF THE SOILS AND SUBSOILS IN THE AUCHTER 
ORCHARD. 


‘ Ver 
Coarse | Medium “4 part bine Silt, Clay, 
Description sand, | sand, 0 3 ~’ | sand, | 0.05— | beiow 
1-0.5 |0.5-0.25| “9-7 | 0.1- | 0.005 | 0.008 
mm. mm. a 0.05 mm. mm. 
x mm. 





ne | ee | eS | SS 


Per ct. | Per ct. | Perct. | Per ct. | Per ct. ; Per ct. 


Dunkirk Sandy Loam 
0-9:inches.i.2. 540i 117 52.3 366.1) SLs bee 5.6 





Subsou ee bias eae yO 60.5 cn Dat: 8.4 5.1 





——— | | | 


Dunkirk Loam, 0-11 
inches oo ae ae 4.4 26.2 9.7 30.0 19.1 10.6 


——— SS | | | 








Subsol (<n 31° 15.6 | 21.81 227:9'| 29.0 Bue 
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MANAGEMENT OF PLATS. 


The trees in the two plats of the experiment have received 
as nearly as possible identical care as to spraying, pruning, 
and all other orchard operations excepting soil treatment. 
The soil in the two plats has.been managed as follows: 

Sod plat——October 15, 1903, eight quarts each of orchard 
grass and blue grass seed were sown per acre from which a 
fairly good stand was secured. To make sure, however, of a 
good stand of grass, a second seeding of sixteen quarts of blue 
grass, eight quarts of orchard grass and three quarts of timothy 
seed was made April 21, 1904. During the first season the 
grass flora was well divided between the above three grasses 
but the second year the orchard grass became dominant and 
has increased in quantity until now the plat is covered with an 
orchard grass sod. The grass has been mowed on the follow- 
ing dates during the five years of the experiment: 

1904, June 21 and August 23. 

1905, June 12 and August 14. 

1906, June 18. 

1907, June 27. 

1908, May 27 and July 4. 

The grass, if allowed to stand until haying time, would pro- 
duce two tons per acre and when cut twice the crop would 
exceed this amount. The character of the grass growth is 
shown in Plate XXVI. It was in all cases allowed to remain 
where it fell from the mower as the roots of the trees spread 
over the entire orchard area and there was therefore need to 
mulch the whole area. 

Tilled plat.—The following is a memorandum of the treat- 
ment of the tilled plat: 

1904. Plat plowed June 7-11; ground harrowed June 13, 
June 20, July 19, July 29. Cover crop of mammoth clover 
sown July 30 and the seed harrowed in with a weeder. 

1905. Plat plowed May 30; rolled June 5; harrowed June 
13; June 26, July 7, July 22, August 2. Mammoth clover sown 


452 PRerporr of THE HORTICULTURAL DEPARTMENT OF THE 


August 3 and the seed covered with a weeder, followed by a 
roller. } 

1906. Plat plowed June 4-6; rolled and harrowed June 7; 
harrowed June 22, July 19, August 2. <A cover crop of oats 
was sown August 2 and harrowed in the next day. 

1907. Plat plowed May 27-29; land harrowed May 31, June 
28, July 17, July 27, August 5. A cover crop of mammoth 
clover was sown August 6 and covered with a weeder. 

1908. Plat plowed May 23-26; land harrowed May 27, June 
4, 12, 23, and July 31. A cover crop of oats was sown July 
31 and harrowed in the following day with a weeder. 

Fertilizers used.—At the time this experiment was begun, 
there were few data to show what food constituents the orchard 
lands of the State need. It was commonly thought that the 
apple lands of western New York need phosphoric acid and 
potash and that the land of which that in the Auchter orchard 
is a type needs the former in particular. For the first three 
years of the experiment, therefore, 4,000 pounds of acid phos- 
phate were used in the orchard, and cross rows 8 and 9, run- 
ning through the tilled and sod plats were fertilized with 
muriate of potash at the rate of 400 pounds per acre. It 
could not be found that trees or cover crops were any the 
better for the application of potash in these two rows and it 
seemed from other data coming in that the phosphoric acid 
was being wasted as well. The fourth season, 1907, the gen-’ 
eral application of acid phosphate for the whole orchard was 
dropped, but the muriate of potash was continued on cross 
rows 8 and 9; and the phosphate was applied on cross rows 
12 and 138 at the rate of 15 pounds per tree; on cross rows 
16 and 17 the two fertilizers were combined in the quantities 
given above. During the season of 1907 no effects could be 
observed on apples, cover crops or grass. It is fair to conclude, 
therefore, that the additions of these two food constituents 
were not needed in this orchard and their use was discon- 
tinued in 1908. None of the plats to which fertilizers had been 
applied in past years showed any effects in 1908, 
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STATEMENT OF RESULTS. 


‘The relative merits of different methods in orchard manage- 
ment are best gauged by the crops of fruit obtained. In com- 
mercial fruit growing in New York the amount of fruit is the 
most important criterion of merit, since buyers discriminate 
little as to the character of the fruit itself except as to 
blemishes; nevertheless it is important that all of the prop- 
erties of the fruit, as size, color, time of maturity, flavor, flesh 
characters and keeping quality be noted. It ‘s of course highly 
important that trees grow well; and for the measure of tree- 
vigor several characters are available. ‘Those we have chosen 
are: Diameter of tree; amount, color and size of foliage; 
length, color and amount of annual growtia of branches; and 
the root system. We come now to a discussion of these cri- 
teria of the merits of the two methods of orchard management 
in this experiment 

Amount of fruit—The five years during which this investi- 
gation has been in progress have been seasons of abundant 
apple harvests. In no one of the years has there been an apple 
failure or a condition approaching failure in this orchard. 
In considering the data as to amount of fruit it must be re- 
membered that while the quantity of the crop is the most im- 
portant criterion of orchard management, yet it is impossible 
to use it aS an exact index of the performance of ‘the trees; 
for the total quantity may be great, vet owing to the small 
size of the apples the value may be small; or, if the quantity 
of apples be small and the size of the fruits large, the crop 
may be of comparatively high value. There seems to be no 
satisfactory way of establishing an exact measure of value 
which will include these conditions and we are forced there- 
fore to make use of total quantities of commercial grades as 
the nearest approach to the true value of the crop. Table II 
gives these data. 
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TaBLE II.—YIELD or Fruit on Sop AND TILLAGE PuatTs. 
































Sod Plat—118 Trees Tilled Plat—121 Trees 
Diff. 
—_. | | - —_______—____—__——_| in 
Year | r ‘ Z a 
Ist | 2n Total |} Ist | 2n otal | tillage 
class | class Culls yield || class | class Culls yield 
Bobls. |Bbls. | Bbls. | Bols. || Bbls. | Bbls.| Bbls. | Bbls. | Bobls. 
IG0S Re ats 278 | 51 |*286.1] 615.1!| 269 | 47 |*275.9) 591.9!1—23.2 
100R ee 123.3] 38 71.4%) 203 149.3} 34 95.6] 278.9} 45.9 
19062 Feng: 135.3} 32 43 | 210.3]; 255.3/790 {185.8} 531.1] 320.8 
1907) eG ce 144.3) 44 87 | 275.3]| 248.3] 63 113 | 424.3} 149 
1908. Ae 255.3] 17.5] 52.5) 325.3)]| 480.3/$60.5/f181.7| 722.5) 397.2 
AVG. a 2 187.2} 36.5} 108 | 331.8)! 280.4) 58.9} 170.4] 509.7| 177.9 
Avg on basis | 
of 121 trees} 191.9} 37.4] 110.7| 340.2)| 280.4] 58.9} 170.4) 509.7; 169.5 





























**kAcre Avg.| 41.1) 8 23.7 de 60 12.6] 36.5} 109.2) 36.3 








* A September storm blew half the crop from the trees. 

t Increase in culls and seconds due to aphis injury of fruit. 

t Increase in culls and seconds due to curculio injury of fruit. 
** On basis of 27.2 trees per acre. 


The table needs little amplification. The last column, show- 
ing the differences between the yields on the two plats, is by 
far the best measure of the value of the two methods of orchard 
management. It is proper that seconds and culls should be 
included in this column: The fruits of these grades are often 
as large as the first grade apples—graded low because of im- 
perfections. These of course require as much food for their 
development as perfect fruits of the same size. Moreover, 
small fruits take a greater comparative amount of moisture 
and plant food from the soil than large fruits for they have a 
greater proportion of solid matter than large fruits, the seeds 
being as many in one as the other. 

Taking, therefore, the difference in total yield of fruit be- 
tween the two plats as the measure of value of the two treat- 
ments, it is shown clearly that tillage is the better way of 
handling this orchard. In brief, the figures show that tillage 
gave a very considerable total gain for the five years; that 
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yearly the difference in favor of tillage is becoming more 
. marked; that the tilled trees are yearly increasing their bearing 
capacity; and that, to the contrary, the fruitfulness of the sod- 
mulch trees is decreasing, showing that the treatment is not 
only less beneficial than tillage but that it is positively harm- 
ful to the trees. 


Number and size of fruits.—Size of fruit need be considered 
in discussing this experiment only as it has a bearing upon 
marketable quantity. Size is desirable in a culinary apple 
because it saves waste in paring and coring, but for a dessert 
fruit a medium-sized apple is usually preferred. We may, 
therefore, drop size as affecting intrinsic value of the crop. 
The question arises then: Is the increased quantity due to 
more apples on the tilled plat, or, are the apples larger on the 
tilled than on the sod plat? Tables III and IV throw light on 
this question. 


TABLE III.—AmountT oF BLtoom ComMPARED WITH AMOUNT OF FRUIT, ON 
Sop AND TILLAGE PuatTs. 


Sod plat Tillage plat 
Year 

Percentage Amount Percentage Amount 

loom fruit bloom fruit 

Per ct. Bbls. Per ct. Bbls. 
1 yy eee ea 31.8 233. 31.3 278.9 
GOON Stihl da es lis. 21.6 27D y' 36.4 424.3 
(iti Le Oat eA ie 25.3 325.3 55.4 PPARs 








Table III shows from estimates made from each tree the 
amount of bloom in the orchard for three years. Unfortu- . 
nately the blooming records were not taken the other two of 
the five years. A comparison of the percentage of bloom on 
the trees with the amount of fruit harvested, shown in the 
same table, makes plain that there is a close relationship be- 
tween the number of blossoms and the number of fruits. That 
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is, about the same percentage of blossoms in each plat set 
fruits. This being true, the table shows that there is a far 
greater number of fruits produced on the tilled plat. In the 
next table an idea is given of the relative size of the apples 
from the two plats. j 


TaBLE I1V.—Size or APPLES ON Sop AND TILLAGE PLATS. 











Number of Weight Average 

Plat apples per weight 

per barrel barrel of apples 
Lbs. Oz. 
Ode . Set egieetes weno 434 136 5.01 
DUAR Je ite n ke ctu Gs ate 309 136 7.04 


Table IV gives the average number of apples per barrel of 
first grade fruit from each of the two plats and the average 
weight of the individual specimens. This table shows that the 
tilled apples average larger than those grown in sod. | 


The last two tables substantiate what is apparent from ob- 
servation alone to those who have been in the orchard; namely, 
that the increase in quantity of fruit on the tilled plat over 
the sod plat is due both to the greater number of fruits and 
larger size of specimens. It is apparent, too, that if the rela- 
tive size, indicated by the proportion of 5 to 7, holds for the 
whole crop, as we think it does, there are a greater proportion 
of culls and seconds in the sodded than in the tilled plat when 
size alone is considered. 


Color of frwit.—The fruit from the sod-mulch plat is much 
more highly colored and therefore more attractive in color 
than that from the tilled plat. The difference varies somewhat 
with the season. Mulched trees ripen their fruits earlier than 
tilled trees and if the weather is sunny and propitious for the 
proper coloring of apples, and if the tilled fruit can remain 
on the trees one or two weeks longer to mature, as it should, 
the difference is less marked than’ otherwise as to color. 
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This is the one respect in which the sod-mulched fruit sur- 
passed the tilled. But since in every possible test in this ex- 
periment the tilled trees are shown to be most vigorous, and 
since wounded, diseased, weak-growing or decrepit trees always 
bear fruit of high color, and conversely well nourished trees 
often bear poorly colored fruits, it can be said that the bright 
color of the sod fruit is the hectic flush of disease or of de- 
crepitude. Of the several indications of the deleterious effects 
of grass in the orchard the abnormally high color is one of 
the most marked. The bright red of the sod-mulch fruit is 
purchased at the expense of the health and vigor of the trees. 

Maturity of fruit——rThe fruit on the sod-mulch plat is ma- 
ture enough to pick from one to three weeks earlier than that 
on the tilled plat. If the season is wet and cool the difference 
in ripening time is small, if dry and warm it is great; and so 
great as to make early maturity a serious evil outcome of the 
sod-mulch method of orchard management. For example, in 
this dry and warm season, 1908, the difference in ripening 
time was fully two weeks. In all of the five years the sod- 
mulched fruit has ripened materially earlier and has been 
picked first. 

Keeping-quality of fruit.—The difference in keeping quality 
of the fruit from the two plats is even more marked. At this 
writing, November 14, 1908, the sod-mulched apples kept in 
common storage are at their prime, while the tilled fruit is still 
firm and just reaching edible condition. There is more than a 
month’s difference in the keeping properties of the fruit from the 
two plats. The differences have been similarly marked, though 
in less degree, in the past years, warranting the statement that 
the tilled fruit will keep a month longer in common storage 
than the sod-mulched product. 

The following statement from Mr. G. Harold Powell, Po- 
mologist in charge of Fruit Transportation and Cold Storage 
Investigations in the United States Department of Agricul- 
ture, is a record of the keeping qualities of the fruit from the 
two plats in cold storage. 
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“For five-years, since 1904, the Bureau of Plant Industry 
has stored fruit from the sod and the cultivated trees in the 
Auchter orchard. From 1904 to 1907 inclusive the apples were 
stored in a temperature of 32 degrees F’. in Buffalo, N. Y., and 
in 1908 in the same temperature in Washington, D. C. The 
fruit has been packed in 50-pound boxes. 

“There was little difference in the character of the fruit from 
the two plots in 1904 either in color or in keeping quality. 
The fruit from the sod trees was a few shades darker in color, 
but both lots contained large, well-colored though rather dull 
apples. Both kept in good condition throughout the com- 
mercial storage season, which ends April 30th. 

“In 1905 both lots were in equally good condition at the end 
of the commercial storage season as regards physical condition 
and the fruit from the sod trees was darker in color and much 
brighter in general appearance. | 

“In 1906, two pickings were made from each plot, the first 
October 10 and the second October 24. The fruit from the 
sod trees was darker in color than the tillage fruit in each 
picking. The fruit of the second picking from the tillage 
trees was much better in color than that of the first picking, 
but not as bright in color as the apples picked at first from the 
sod trees. The best colored apples were from the last picking 
from the sod trees. 

“The fruit from all lots kept in equally good condition, to 
March ist. While the tillage apples were not equal to the 
sod fruit in appearance, the flavor and texture of the sod 
fruit were distinctly inferior. The texture of the sod fruit 
was coarse and the flavor was insipid, with a trace of bitter- 
ness in it. The tillage apples were brittle and semi-firm in 
texture, aromatic and good in flavor. 

“ When the fruit was examined again May 1st, the same dis- 
tinct difference in flavor was present. The best flavoregl fruit 
was picked from the tillage trees October 24. There was no 
decay in any of the apples at this time, but the scald had 
developed on the partly-colored apples from the tillage trees 
to a greater extent than on the better colored fruit from the 


ides) 
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sod trees. The scald on the different lots May 4th is shown in 
the following statement: 


First Picking. Second Picking. 
mcaemOnls SOG fCUIt yo. seas 16.4 per ct. 18.7 per ct. 
Scald on tillage fruit....... 60.7 per ct. 29.0 per ct. 


“Tn 1907 two pickings were again made, the first October 7th, 
the second October 19th. The fruit from the sod trees was 
darker in color, and the color of both lots was better in the 
fruit of the second picking. All lots kept in prime condition 
till the end of the commercial storage season. There was a 
distinct difference in quality in favor of the apples from the 
cultivated land, the fruit from the sod trees though finer in 
color having a coarse texture and an insipid slightly bitter 
fiavor. 

“Jn 1908, the fruit was handled in a manner similar to that 
of 1906 and 1907. At the time this report is made, February ‘' 
8, 1909, there is considerable Baldwin spot in the different lots 
of fruit and the apples from the cultivated trees though of 
poorer color were finer in quality than the fruit from the sod 
trees.” 

Quality of the fruit—There is but little difference in the 
quality of the fruit when specimens can be had at the same 
degree of maturity. But as we have seen in the preceding 
paragraph the tissues of the sod-mulch fruit begin to break 
down so quickly after harvesting that at any time after this 
period the tilled fruit is better in quality. This hes been true 
in all of the five seasons, a fact affirmed by repeated testing 
by those in charge of this experiment; by experimenters in 
the United States Department of Agriculture, as stated in 
the preceding quotation from Mr. Powell; and attested by 
many who have seen the fruit at this Station, at horticultural 
meetings and at farmers’ institutes. The more pleasing color of 
the sod-mulch fruit leads many to think it is of higher quality 
but it requires only a taste to convince to the contrary. 

The difference in quality is due chiefly to a difference in the 
texture of the flesh. In eating, the tissues of the tilled fruit 
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are turgid and crisp while in the apples from the sod-mulch 
plat there is a tendency. to dryness and mealiness. A deter- 


- mination of the water content, however, does not show much 


difference in this respect, the tilled fruit having 84.37 per ct. 
moisture, the sod-mulch fruit 84.17 per ct. There is no ap- 
preciable difference in the specific gravity of the must of the 
fruit from the two plats as indicated by the hydrometer, show- 
ing that the percentage of soluble solids is practically the same 
in the two products. 

There are noteworthy differences in the flesh of the two 
fruits. That of the apples from the sodded trees is yellowish 
in color and frequently tinted with red at the circumference 
while that of the apples from the tilled trees is greenish and 
never tinted. Of more importance commercially is the fact 
that the flesh of the sodded fruit is more frequently spotted 
with the “ Baldwin spot,” a dry, corky condition of portions 
of the flesh due probably to some physiological trouble. This 
corky tissue sometimes envelops the core and in other speci- 
mens involves not a little of the circumference of the fruit. 
Such a physiological defect must be considered as a result of 
some harmful disturbance in the well-being of the tree. 

Uniformity in trees and crop.—In commercial orcharding 
it is greatly to be desired that trees behave uniformly,—espe- 
cially in the matter of bearing crops. A method that causes 
a tree to bear annually, or to bear a crop of fruit of uniform 
size, or to have its load well distributed, is a more valuable 
method than one that does not secure uniformity in these re- 
spects. The advantage of tillage over the sod-mulch system 
in the matter of uniformity is most marked. Not so much in 
the matter of annual bearing, for the Baldwin rarely bears 
annually under any treatment, but greatly so as to the size 
of fruit, the distribution of the crop on the tree, and in the 
performance of individual trees. The trees in..sod showed 
marked abnormalities in their tendency to produce large fruits 
or large crops on a part of the tree, and small fruits or none 
at all on another part. Of two trees standing in sod, side by 
side, one would bear large fruit, the other small; one a crop, 


“New Yorn AGRICULTURAL EXPERIMENT Svrarion.. 461 


the other none; one well colored fruits, the other poorly 
colored specimens. These are but illustrations of the freakish- 
ness of the sod-mulched trees. Branches and foliage showed 
similar tendencies to depart from the normal. 

One need not seek long for an explanation of such behavior 
of the trees. No matter how uniform the sod (Plate XX VII 
shows the sod in the Auchter orchard to be as uniform as sod 
often is in orchards) there will be areas well grassed and areas 
poorly grassed; areas in which there is an admixture of some 
plant not to be found in the same quantity elsewhere. Now 
this lack of uniformity of environment cannot but bring about 
ununiformity in the trees themselves. On the contrary, tillage 
is conducive to a uniform environment as it secures surface 
uniformity of the field, equalizes the depth of soil; and tends 
to evenness in the amount and availability of moisture and 
food. One of the reasons for cultivating any crop is to secure 
an equally vigorous growth over the entire area cropped. 

Effects of the two treatments on the tree.—In the long run, 
crop performance measures the vigor and health in a plant 
but in period of so few years as the one in which this experi- 
ment has been in progress it is possible for trees to have a 
high record in bearing fruit and yet lose in vigor. I¢ is neces- 
sary, then, to consider the effects of the two methods on the 
trees. It is not fair to measure the effects of a treatment by 
considering one or a few phases of tree growth. It may be 
that all tree characters do not respond in exactly the same de- 
eree. to treatment. If, however, the methods of gauging vigor 
are correct there should be fairly close agreement in the growth 
of different parts of trees as affected by the two treatments. 
Thus in all of the fruit characters indicating vigor, the ad- 
vantage has been strongly with tillage; so, it will be found, 
too, in all tree characters, tillage has SB cg greater vigor 
and health than the sod-mulch. 

Diameter of trees.—The vigor of trees is almost directly 
proportional to the increase in diameter of the trunk. We 
examine the rings in a cross-section of a tree and tell: of the 
good and poor seasons in its life by the thickness of the rings. 
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If we had but one phase of growth by which to measure vigor, 
and especially over a series of years, increase in diameter of 
trunk should take first place. | 

Table V shows the gains in diameter of the trunks under 
the two methods of treatment. In making these measurements 
diameters were taken one foot above the ground and one foot 
below the lowest branches, the length of the tree trunks averag- 
ing in this orchard about four and one half feet. The final 
figures are averages between these two measurements. The 
data in this table show clearly and most strikingly the greater 
vigor of the tilled trees. 


TABLE V.—GAIN IN DIAMETER OF TREE TRUNKS ON Sop AND TILLAGE PLATS. 











Sod—Average of 118 Trees || Tillage—Average of 121 Trees 
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Year | | 

Row | Row Row | Row | Row || Row | Row! Row | Row | Row 

1 2 3 4 5 6 7 8 9 10 

Tne Ia at Ian Gree tin a ee 

19082 as..e | 15.2) 15.2) 14.6). 14.9) (14014°15, 0b 14.5) dbe8) 925. Sie 
O08 cay eae | 15.6). 14.1)-13.0) 2420) 1327) 2259) 12.4 13.6) 13.8} 14.7 
Gainic wilses / z.6 1.1; 1.01 0.8 1.0] 2.3] 2.11 2.2] 24] 2.8 
Avg. gain for Sod=1.1 in. | Avg. gain for Tillage—2.1 in. 








The foliage.—The foliage is as ready a gauge and as delicate 
a one to determine the health of a tree as is the pulse in a 
human being. All leaf characters indicate greater vigor of 
tree from tillage. The tell-tale tints of the leaves spoke most 
eloquently of the superior vigor and health of the tilled trees 
in this experiment. So, too, the size of the leaves, their num- 
ber and weight, the total leaf area and the length of time the 
leaves remained on the trees, proclaimed, with color, that 
tillage is the better method of orchard management to obtain 
health and vigor of tree. Yet because of the countless numbers 
of leaves on a tree and the great variation between individuals 
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it is difficult to furnish accurate, specific evidence as proof of 
the above statement. Reliance must be placed upon the ac- 
curacy of observation of the experimenters. Since, however, 
leaf characters reflect:so delicately the health of a plant, it 
does not need even the accuracy of a practiced eye to gauge. 
the well-being of a tree from the leaves. 

Color of foliage.—It required only a glance to detect a dif- 
ference in the color of the foliage in the two plats and to note 
that something was amiss with the leaves of the sodded trees. 
The dark and rich green of the tilled trees indicated an abund- 
ance of food and moisture and the heyday of health, while the 
pale and sickly foliage of the sodded trees suggested drouth, 
starvation or some serious physiological disturbance. To the 
casual visitor this was the most apparent sign of the superior- 
ity of tillage and more than one man of the hundreds who 
visited the orchard was heard to say as his eyes lighted on the 
contrasting colors of tilled and sodded trees, “that satisfies 
me.” The absence of color in the leaves of the sod-mulch trees 
is due to a lack of chlorophyll or leaf-green. Chlorophyll is 
essential to the assimilation of plant food and without a suf- 
ficient quantity plants must suffer from mal-nutrition. Its lack 
must be counted as both a cause and an effect of the ill-health 
of the sodded trees. 

Area of foliage.—No feasible plan could be found for taking 
the leaf area of individual leaves, the total leaf area, or the 
number of leaves on the trees in the two plats. But here again 
it was easy to see that the leaves of the tilled trees were much 
larger, and much more numerous, and that therefore their 
total leaf area was much greater. In fact some practical 
orchardists found fault with the foliage of the tilled trees, 
saying that the size and number of the leaves indicated too 
much wood growth and shut out sunlight thus preventing the 
proper coloring of the tilled fruit. 

Weight of foliage-—The comparative weights of the leaves 
in the two plats were ascertained as follows: Groups of 10 
leaves each from the ends of the shoots on 5 sides of 48 trees in 
each plat were taken—2,400 leaves from sodded and the same 


464 Report oF rHe HORTICULTURAL DEPARTMENT OF THE 


number from tilled trees. These were weighed and gave 8.7 
grams as the average for the leaves of the sodded trees and 
11.5 grams for those of the tilled trees, making the leaves of 
the tilled trees one and one-third times as large as those of the 
sodded trees. This means, roughly speaking, that the assimi- 
lating powers of the tilled trees, considering size and taking 
no account of number of leaves, is one and one-third times as 
great for the tilled as for the sodded trees. . 

Leafing-time.—In the time of leafing there was a difference 
of three or four days, the leaves of the tilled trees opening first, 
probably because of the warmer soil. The leaves on the sod- 
mulch trees took on their autumnal tints a week or ten days 
earlier than did those of the tilled plat. As a natural conse- 
quence the foliage of the sodded trees dropped that much 
earlier, thus cutting short the growing season of the grassed 
trees and without doubt impairing not a little their future 
vitality and hastening the maturity of the fruit. But the shed- 
ding of foliage lets in the sun to give better color to the fruit, 
an advantage which offsets in some degree the disadvantage of 
early dropping of foliage. 

There was apparently little difference in the blooming time 
of the two plats, though observations did not cover all of the 
years and were not carefully enough made to warrant an exact 
statement in this regard. 

Annual growth of branches.—The annual growth of new 
wood is a most important criterion of the well-being of an 
apple tree, because it is not only a measure of vigor but of the 
bearing capacity, since buds may be formed on any of the 
wood older than one year. This is, however, a most difficult 
measurement to make since there is a wide variation in the 
annual growths of trees and even in different parts of trees. 
The plan first adopted in this work to show difference in 
annual growth was to take new wood from all trees but it was 
found that in this respect “outside” trees were too variable 
and averages therefore were taken only from “inside” trees. 
For the sod plat growths were taken only from the follow- 
ing: Trees 2 to 25 inclusive, rows 2 and 4; for the tilled plat, 
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trees 2 to 25 inclusive, rows 7 and 9. For measurements, 
branches covering five years’ growth were cut on five sides of 
each tree, 240 branches for each plat. The comparisons be- 
tweea branches and twigs from the tilled and sodded trees are 
shown in Plate XXVIII. 

The averages in Table VI show, as in all other criteria so 
far examined, a great loss of vigor on the part of the sod- 
mulched trees. The growth for five years on the tilled land 
lacks but a trifle of being twice that on the sodded land. The 
growth is less from year to year on both plats, with the in- 
creasing age of the trees, but the yearly decrease is much 
greater on the sodded than on the tilled trees; the falling away 
being from 5.8 inches in 1904 on the sod to. 1.9 inches in 1908; 
while in the tilled plat it was 7.9 inches in 1904 and 5 inches 
in 1908. 


TABLE VI.—AVERAGE LENGTH OF ANNUAL GROWTH AND AVERAGF NUMBER 
OF LATERALS ON SODDED AND TILLED APPLE TREES. 











Year Sod Tillage 
In. In. 
RN ma ie ea che oly np ads She suse en et te Seal es 0.8 7.9 
See aE OMe What rg 0 te APs. Pl. dds A. SSL. 4.2 7.2 
CO gs EE eS Sn De gr eee ea eee PAY 6.5 
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Thc a a pemiadog 17.1 33.5 
erage SNUUG! TOWEL. 6a. e ria. ss sds ys we 3.4 6.7 
Average number laterals per year.............. 1.9 4.4 














As the measurements of length were taken the numbers of 
laterals made each year were counted. These are per year 
for the sod trees 1.9; for the tilled trees, 4.4. The number of 
side shoots on each year’s growth shows that in neither case 
was the new wood soft and sucker-like. They show, too, that 
there was a possibility for many more fruit-spurs on the new 
growths of the tilled trees than on those of the sod trees. 
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Still another indication of the superiority of the wood for 
five years from the tilled trees is found in the greater weight 
of the wood from the tilled trees. When the 240 branches 
from each plat had been. measured for annual growths the 
weights of the wood were taken. It was found to be 7.2 
pounds for the sod and 21.3 pounds for the tilled trees—strong 
testimony to the greater health of the tilled trees. 

Color of new wood.—During the dormant season there is a 
striking difference in the color of the new wood of the trees 
on the two plats. The whole tree top on the tilled land is a 
light, bright, glossy olive-green color, emphasized somewhat by 
the plumpness of the twigs and the tautness of the bark. The 
tree tops on the sod-mulch plat were darker, of a brownish 
cast and less glossy and bright, giving a prevailing color that 
distinguished the sod-mulch plat from the tilled plat a mile 
away. One cannot well describe the color of wood on healthy 
trees and that on trees which lack vigor but the practiced eye 
of the nurseryman or fruit grower discerns a difference at a 
glance. Only a look was needed at the trees in these two plats, 
- with or without foliage, to be convinced that the tilled trees 
were in the very perfection of health and that there was some- 
thing amiss with the sod-mulch trees. 

Dead wood.—In trees as old as these in this experiment 
there is always some dead wood, usually on lower branches, 
though now and then a limb succumbs seemingly without cause 
in any part of the tree top. It is a sign of failing vigor and 
decrepitude if there is much of this dead wood. As this ex- 
periment has progressed the amount of dead wood in the sod- 
mulch plat has increased until at the end of the fifth year 
there is scarcely a tree without a showing of dead branches. 
In no ease is there enough to cause fear for the life of the tree, 
but in many trees the number of small branches, dead or dying, 
makes it certain that the trees are seriously out of health. 

The root system.—Of all the organs of the tree the roots 
bore strongest testimony to the deleterious effects of the grass 
in the sod orchard. This is as might be expected; for the roots 
are possibly the most sensitive of plant structures, responding to 
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the influence of gravity, air, heat, light, moisture, food and 
chemical compounds. So sensitive are roots to external condi- 
tions that it may be laid down as a law that the character of a 
root system is directly determined by the interaction between 
the specific peculiarities of the plant itself and of its environ- 
ment. Thus in size, position, and shape a root system is 
greatly modified by the external conditions. In the experi- 
ment in hand it is the root systein that comes in first and most 
direct contact with the differing factors in the management of 
the trees of the two plats. The apple trees were forced to 
accommodate their root systems to the conditions given in the 
two plats of the experiment. In what condition did ‘the two 
treatments leave the roots at the end of the five years? We 
can give fairly definite answer as regards position and shape 
but as to size of the roots we can only roughly estimate. 

Position of roots.—In position the roots of the trees in the 
sod-mulch plat came to the very surface of the ground, often- 
times being found in the decaying mulch. The great mass of 
the feeding roots in this plat lie close to the surface though 
straggling roots, rootlets and roothairs go to the full depth 
of the foot of the light soil of which this land is composed. 
Whether the destruction of these surface feeding rootlets by 
cold in winter and heat and drought in summer greatly af- 
fected the vigor of the trees and helped to bring about the evil 
effects of the sod-mulch treatment cannot be said. It is not 
likely that cold contributed much to the injury of the sodded 
trees but the death of many of these surface roots in hot, dry 
weather must have lessened the vitality of the trees at a most 
critical time for the welfare of crop and plant. In the tilled 
land the roots were to be found in greatest abundance at a 
depth of from three to ten inches, with some running deeper. 
The plow and cultivator kept them from coming nearer the 
surface, though, since plants direct their root-tips to places 
where food and water are most abundant and with cultivation 
water at least would be most abundant under the earth mulch, 
it is doubtful if many roots pass into the mulch made by the 
cultivator. 
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Shape of root systems.—But by far the most remarkable dif- 
ference in the root systems of the trees in the two plats is in 
the shape. The roots of the tilled trees spread out much as 
do the branches, with a sweep not much -greater than the 
branches. The circumference of the root system of such a 
tree is nearly circular, with the feeding roots in a plane of six 
or eight inches. But the circumference of the root system 
of the trees in sod is very irregular with many offshoots in 
this direction and that, and with much more unevenness as to 
depth.’ The great irregularity in the root system of these trees 
must be due to some force or forces which attracts them from 
the normal. There is a reaching out of a part of the roots in 
response to a demand for more moisture, food, or air, or all 
of these, or to escape some evil effect of the grass roots. This 
unevenness of growth is shown in Plate XXTX where the roots 
of a tree in sod are shown in the adjoining tilled land at a dis. 
tance of from 20 to 30 feet from the tree; again in Plate XXX 
a large root and its branches, rootlets, and roothairs are shown 
passing under a stone wall into a lane to a distance of from 30 
to 40 feet. These abnormalities were not to be found in the 
root system of the tilled trees. 

Quantity of roots.—There is no fair way of comparing the 
size, quantity or bulk of the roots of the trees in the two plats. 
To obtain such data at all accurately would mean the removal 
of some of the trees and even then countless numbers of root- 
lets would be destroyed. It is not possible to remove a given 
bulk of earth from the two plats and so measure the quantity 
of functioning roots with accuracy; for, in the sod the masses 
of roots have been accumulating for six years while in the 
tilled land there has been a yearly pruning by the plow and 
the consequent formation of new roots. Were the data as to 
quantity obtainable, it would be difficult to draw conclusions 
from them as almost nothing is known of how much work roots 
ean do. Thus a small root system may do quite as much work 
in one soil or environment as a large root system would in 
another; so, too a mass of roots may be Jarge and bulky with 
functionless roots while a smaller one may contain only live 
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active organs. It is known, too, that the powers of accommo- 
dation to conditions are great in the roots of all plants. We 
must measure the value of a root system not by its bulk but 
by what it does. 

The “outside row.”—One of the interesting phases of the 
experiment in the Auchter orchard was the behavior of the 
trees in the outside row of the sod-mulch plat. This plat was 
bounded on the east. and west by the tilled fields of the Vick 
seed farm; on the north by the tilled plat of this experiment 
and on the south by a long used cattle lane. An area of sod 
20 feet wide separated the trees in the plat from the adjoining 
territory. As the visitor approached the Auchter orchard the 
most noteworthy thing in the experiment was the compara- 
tively green and luxuriant foliage and the greater quantity and 
larger ‘size of the fruit on the trees on the outside row of the 
sod-mulch plat. There was a marked difference even in the 
halves of the trees lying toward the inside or the outside of the 
plat in favor of the outside. Since 55 of the 118 trees in the 
sod-plat are outside trees, it is not too much to say that the 
showing made by the sod-mulch plat has been greatly bettered 
by reason of greater vigor and productiveness of these outside 
trees. | 

It is a fact that the outside row in an orchard, or in any 
field of cultivated plants, is usually somewhat better than the 
inner rows; the outer rows get more air, sunlight, wind, food and 
moisture. But the great difference in this case, a difference 
scarcely noted in the tilled plat, is abnormal and shows an ab- 
normal environment for the sod-mulch trees. It has been stated 
in a previous paragraph, and Plates XXIX and XXX cited, 
that the roots of the trees in sod at every opportunity passed 
the division line between sod and no-sod either in quest of 
food, moisture and air or to escape proximity to grass roots. 
It is to the fact that the roots of the trees in the outside rows 
have gotten out of the sod that we must attribute the greater 
vigor and productiveness of the outside row in this orchard. 
Table V shows a gain of 1.6 inches in diameter for outside 
row 1 of the sod-mulch plat bordering the lane (see Plate 
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XNXXI), while the four inner rows made an average gain of but 
97 inch. It is true that the outside row in the tilled plat also 
made a greater gain than the inner rows but not nearly so 
great—being 2.3 inches for the outside row and 2.1 inches 
for the inner rows. 

_ Surface wash.—The land in the Auchter orchard is rolling, 
though nowhere are the slopes steep. In this respect it is a 
fair average of the apple orchards of western New York. At 
‘no time has there been any harmful surface wash in either of 
the two plats and we have not, therefore, had an opportunity 
to observe in this orchard the influence of cultivation on sur- 
face wash. Since tillage is objected to on hilly ground because 
it is supposed to favor surface wash, it may not be out of place 
to give observations from elsewhere in this regard. 

In all but the steepest locations in the climate and on the 
soils of New York, embracing practically all sites upon which 
trees can be sprayed, harvested and pruned with sufficient easi- 
ness to make fruit-growing profitable, proper cultivation may be 
made an efficient means of lessening the washing of land. 
Whatever contributes to the porosity of the soil prevents wash- 
ing. It is obvious that cultivation makes a soil granular and 
porous. Plowing and tillage to clieck surface wash on steep 
Slopes should be as deep as possible; furrows should run at 
right angles to the slope to impede the fall of the water; in 
some cases open furrows and ditches having a very gentle fall 
can well be maintained. If the above means of stopping sur- 
face wash be supplemented by cover-crops, which check the 
wash at the season when the rainfall is heaviest, it can be said 
that almost any land upon which it is practicable to grow fruit 
can be cultivated. Such deep-rooting cover crops as the 
clovers and cow-horn turnips are of great value on land that 
washes because they form root tubes which help to take care of 
the water. Artificial drainage is sometimes necessary on hill 
sides to prevent land from becoming water-logged, which of 
course would favor washing. There need be little solicitude 
about surface wash on most of the fruit lands of New York 
if proper precautions are observed where it is menacing. 
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Insects, vermin, fungi, and other troubles.—Entomologists 
usually hold that insects are more troublesome in sod 
mulched orchards than in those under tillage. Thus, 
Slingerland® states that the canker worm, curculio, borers, 
bark lice and the rosy apple aphis, are more abundant in un- 
cultivated than in cultivated orchards. The insect fauna, so 
far as it relates to orchard pests, has been carefully studied 
in the Auchter orchard during the past five years the results 
of which may be summed up as follows: 

Case-bearers, codling moth and the leaf blister mite were 
equally destructive in the two plats. The green aphis and the 
curculio did more damage on the tilled trees, but whether be- 
cause the more luxuriant foliage was better to the taste of the 
pests or because the tilled plat was bounded on the north with 
woods, can not be told. Scurfy scale, oyster-shell scale and 
woolly aphis were without question far more abundant on the 
sod-mulch plat at the end of the five years. With all of the 
insect pests the effects are less apparent on the tilled trees be- 
cause of the greater vitality of the latter; this is especially 
true of the work of the leaf blister-mite. 

The orchard has been almost wholly free from fungi. The 
trees are old enough to withstand the attacks of mice and rab- 
bits, pests commonly more abundant in sodded than in tilled 
lands. Throughout the State during the dry season of 1908 
a number of. sodded orchards have been destroyed or severely 
injured by fire but the sodded plat in this experiment has 
escaped any such calamity, though the mulch has been dry 
enough to burn had the fire started. 


FINANCIAL STATEMENT. 


One of the chief advantages. claimed for the sod-mulch 
method of caring for an orchard is that of cheapness. Table 
VII gives the expenses and the income of the Auchter orchard 
for the past five years deducting all items that would not occur 
in the care of a commercial orchard. The average cost per 


6 New York State Fruit Growers’ Association Report, 1908:19. 
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acre of the two methods of management, not including harvest- 
ing, was $17.92 for the sod and $24.47 for tillage, giving a 
difference of $6.55 in favor of the sod. The average net income 
per acre for the sod plat was $71.52; the tilled plat $110.48; a 
difference of $38.91 in favor of tillage—an increase of 54 per 


ct. for tillage over the sod-mulch method of management. 


The 


outgo has been greater for the tilled plat but the income has 
been more than proportionately greater showing that cheap 
methods in an orchard are not necessarily the most remunera- 


tive. 


TaBLE VII.—ExXPENSE AND INCOME FROM SODDED AND TILLED PLATs. 
SoD PLAT—118 TREES. 






























































Average income per acre, on basis of 27.2 trees, sod, $71.52; 
Percentage of increase of tillage over sod, 


tillage, $110.43. 
54 per ct. 














, Cut- Har- 
veer [Feri] Pram | Gi | Soray- athe! Total Nat 
& | grass 8 crop Pp 
1904 eee. $15 .05/$14 .623|/$19 .99) $58.224)$219.25| $327.14 | $225.76 
1905.) canis 18.60) 13.25 | 7.46) 44.27 | 82.89 166.47 330.28 
100 vanes 17.00} 15.12 | 3.36) 46.51.) 104.30) 186,29 154.96 
L907 eeetaa 8.37) 15.33 |: °3267| 73°84") 1388-07| " 239.28 7 ee 
1Q0S les —— 16.863} 6.14) 50.45 | 1738.43, 246.884, 353.864 
Total... ./$59.02/$75.19 $40 .62'$273.294 $717 .94/$1, 166 .064/$1, 552.023 
TILLED PLAT—121 TREES, 
Fert | Prun- | Culti- | Spray- Har- Total | Net 
Year ie ge ing is: Pray~ | vesting “ga . 
izer ing | vation ing expense income 
crop 
1904..... $15.05/$14.624, $33.75) $58.223) $210.90) $332.55 $185.34 
190532 18.60, 13.25 | 48.71); 44.27 96.85} 221.68 355 .60 
1906. sos 17.00} 15.12 | 30.30) 46.51 231.80; 340.73 392.42 
1907. 8.37, 18.31 46.63) 73.84 | 224.20). 371.35 800.31 
1908.40 9 ——| 22.104} 36.67| 50.45 | 338.59) 447.814) 723.414 
Total. .|$59 .02,$83 .41 Saal oe ee $1,102.34'$1 , 714.124/$2 , 457.08} 
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TILLAGE Sop ‘TILLAGE 
PLATE XXVIII.— COMPARATIVE GROWTH OF WooD ON SoD AND TILLAGE PLATS. 
Twigs Show One Year’s Growth; Branches Five Years’ Growth. 
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WHY TILLAGE IS BETTER THAN SOD FOR THE APPLE. 


The greater value of tillage in the Auchter orchard is con- 
clusively proved by the data given in the preceding pages. The 
question now arises. Why? What are the causes of the differ- 
ences that have been noted between the trees in sod and under 
tillage? These causes may be divided into two general groups: 
The beneficial effects of tillage; and the injurious effects of 
grass. It would be conducive to clearness if the causes might 
be discussed under the above heads but in few cases can the 
positive effects of tillage and the negative effects of grass be 
separated. Thus there is more moisture for the trees in the 
soil of the tilled plat because the tillage has conserved mois- 
ture and because the grass has removed that which would other- 
wise have gone to the trees in the sod plat. So, in general, the 
differences between the two plats in favor of tillage have been 
brought about by a good effect from tillage plus a bad effect 
from the grass. 

The tilled trees are better watered.—Liebig’s “law of the 
minimum,” according to which the yield of a given crop will 
be limited by the amount of one constituent of food, is now 
very generally applied to all of the factors atfecting the growth 
of plants. If applied to the possible factors that have pro- 
duced the results in this orchard it shows that one alone is 
quite sufficient to account for the differences noted—namely, 
the supply of water. 

The results of 120 moisture determinations in the Auchter 
orchard in 1907 and 1908 are shown in Table VIII. The 
weight per acre-foot, 48,560 square feet one foot deep, for a 
sandy loam, according to Hilgard,’ is approximately 1,800 tons. 
The average amounts of water in the soil at any time during 
‘the period of investigation are shown in Table IX. | 


Soils. By E. W. Hilgard, New York: 1906. p. 107. 
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TaBLeE VIII.—TuHer Moisture CONTENT OF Sop AND TILLED PLATS. 


Date 


6/28 


7/2 


7/9 


7/12 


7/16 


7/19 


7/23 


7/26 




















1907 

Plat 1-6 in. 
Per ct. 
Tillage.':'... 12.71 
Ot uere es 6.23 
“Difference. .|' 6.48 
Tillage. ..»..| 14.88 
Soden. 11.20 
Difference. .| 3.68 
Tillage..... 12,07 
Sods. ewe Dd 
Difference 6.20 
dallage. 33h 13,12 
SOU ge ure ee 6.96 
Difference 6.16 
Tillage. .... 16.438 
Soo:tee Fe 13751 
Difference 2.92 
Tillage. .... et be! 
DOU ges hb ek 9.63 
Difference..| 4.14 
Tillage..... 11.68 
eels OF ame yee 9.51 
Difference. .| 2.17 
Tillage. %..6 13.42 
SOU 2-6 Aree 8.36 
Difference. .| 5.06 
Tillage..... 11.93 
Sodsvecs se 6.81 
Difference. .| 5.12 





6-12 
in. 


Per ct. 


12.90 
6.31 


6.59 


14.86 
6.99 


7.87 


10.96 
3.37 


7.59 


12.04 
6.53 


5.51 


15.31 
9.26 


6.05 


11.75 
8.69 


3.06 
9.48 
7.80 


———____. 


1.68 


9.19 
7.80 


——_—_—___. 


1.39 


8.84 
5.21 


—_—_—— 


3.63 











Date 


7/7 


7/10 


7/14 


7/22 


7/24 


7/28 


7/31 


8/4 


8/7 





1908 


Plat 


Tillage. .... 
Sod 


Difference. . 


Difference. . 


Village weet 
SOU cee aes 


Difference. . 


Villages? ts 
ROC ene 


Difference. . 


SOU she ae 


Difference. . 


Tillage..... 
Sod 


Difference... 


Dillage..% 4 
Sod 


ee oe. 6 Ce ve) eve 


Difference. . 























in.| 6-12 





Per ct. 


11.56 
10.70 


.86 


10.89 
6.29 


4.60 


10.58 
6.03 


4.55 


17.76 
9.59 


Sviy 


16.14 
9.37 


6.77 


11.67 
8.25 


3.42 


15.66 
10.09 


5.87 


12 84 
10.87 





L.OF 


15.31 
7.61 


7.70 


Date. 


7/30 


8/2 


8/6 


8/8 


8/14 


8/17 


8/20 
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Plat: 


an. & © 4 64 


"ee 8 Bae eR 


CA ar 


Bod. tee 


Y it © ax 


Dod. cet i... 


6 fe 6) se 


Other 02! 


Cue) aa te 


Difference. . 








TABLE VIII.— Continued. 


1-6 in. 


Per ct. 
11.69 
5.46 


6.23 


13.20 
7.82 





5.38 












































8/11 


8/14 


8/18 


8/21 


8/25 


1908. 


Plat. 


Tillage...... 
OCS a werd. 


Difference, . 


Tillage... 4. 
Sodeiyos a. 


Difference. . 


Tillage 
Sod 


@ s%e e616 6 6 


ee ee 


Tle elie) @) whe ce 


Difference. . 
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1-6 in. 





Per ct. 
The 
10.08 





59.19 


14.72 
Peeig 


3.02 


14.56 
14.07 





6-12 
tile 
Per ct. 


15.28 
8.02 


7.26 


12.47 
8.10 


4.37 


12.98 
12.71 


OT 
11.21 
7.81 
3.40 


9.21 
6.08 


3.13 
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TABLE IX. 


MOISTURE PER ACRE IN TILLED AND Sop PLATS. 
































1907. 1908. 
Soil depth. Plat. ——-- ----—________|_-__--- 
Amount of moisture. Amount of moisture. 
Per ct.| Tons. | Gallons. | Perct.{ Tons. | Gallons. 

TON 24 Peeoen.te ek te Tillage..... 12.20} 109.80} 26,330.9} 14.04} 126.36] 30,302.1 
SOU see Te oO 65.70| 15,755.4] 10.06 90.54) 21,712.2 

Difference. 4.90} 44.10] 10,575.5} 3.98) 35.82] 8,589.9 

Tel Bun ee eae fk Tillagwerns ss . 11.53] 152.64] 36,604.2| 13.57] 181.17] 43,446.0 
: SOG kieees 5 Seay 84.60} 20,287.7 9.37] 123.39] 29,589.9 

Difference..| 5.01] 68.04] 16,316.5] 4.20] 57.78! 13,856.1 


These figures substantiate what all admit in regard to other 
crops; that, in this climate, conserve it-and save it as best can 
be done, the seasonal rainfall on the average soil is not suf- 
ficient for the maximum development of the crop; indeed it is 
seldom sufficient for the optimum development of a crop. If 
then the rainfall is divided between two crops, grass and 
apples, one or both must suffer. 

The actual difference between the moisture content of the 
two plats has been shown by Table VIII and, summarized, in 
Table IX. It is now purposed to show what part the grass 
plays in causing this difference. Obviously the grass requires 
water. Can it be shown that if this water had not been used in 
growing grass it would have been used for apple tree growth 
and in the production of apples? 

Among others, Hellriegel and Wollny in Germany, Lawes 
and Gilbert in England, and King in Wisconsin, have pub- 
lished figures to show how many tons of water are required 
to produce one ton of dry matter in various crops. In Wis- 
-consin King® found that “the amount of water used ranges 





* Physics of Agriculture. By F. H. King, Madison, Wisconsin; 1901, 
p. 140. 
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from 270 tons with corn to 576 tons with clover per ton of dry 
matter.” No figures are given for grass hay but that for clover 
is given above and for oats 503.9 tons and for barley 464.1 
tons are given. We may assume, lacking definite figures, that 
a hay composed of orchard grass, timothy and blue grass would 
require as much as barley, the plant requiring the least water 
of the three plants having similar habits of growth given above, 
or 464.1 tons per ton of dry matter in the hay. Several com- 
petent farmers were asked to estimate the amount of hay per 
acre the sod plat of this experiment would produce. The low- 
est estimate was two tons (equal to 1.7 tons of dry matter) 
and this figure we shall take. (Plates XXV and XXVI give an 
idea of the stand of grass on the plat.) Assuming then that 
the two tons of grass grown on each acre of the plat require 689 
tons of water we find that to make this amount of water per 
acre requires 6.32 inches of rainfall. Since the average rain- 
fall in this region for the six growing months, as shown in 
Table X, is but 17.78 inches there are but 11.46 inches left 
for apples and to provide for evaporation, the surface run-off 


and for subterranean drainage. 


TABLE X,— AVERAGE RAINFALL FOR THE GROWING MONTHS AT ROCHESTER 
— AUCHTER ORCHARD SEVEN MILES DISTANT. 





Years. April. | May. | June. | July. | Aug. | Sept. |Totals. 
INO. In. EM. In. En: Tats Lite 

LS Sate RENO AI Notts hee es hwe A Re ORRS a 2n4 OE 2e0 Lt 2033 ele Ar O17: || See 
US ol eee ea er abe eee eh ea 26a E58. 2049) 142646 eB ODF Det te |e © 
LESS AST ets Ashe ee ae ek AHS LOD Bie ODP Aa eo SGu Wie ST lee ae 
1 SSH) 5 Svea RUS RC is, eer ere eg [oie OVaGy V2, OT WO 7 oleae Osea OM7 os leonora 
Pe RLU ee Fk |. SERS ie: FOOT. 2.7 OWS 8801) Ob. Oa Oe biel 7a bee aa 
ye Lied circle 33) sista wine hed eee ais Seow Gd lee hod cae ie eis |e Ose eo (he eee 
UCIT > £6 Pict GED IE ee eee Pee ee ae OF e200 mls ORSON DO 2G I O44 an ee Silane erate 
DS EMI Sr ook s (eas whe, gol’ oe Baarate T2630 | O49) |h4 OL ho 52) Se 1Ge Osa 7 lee oe 
GAGs, DS ee ae ORG deh SeO4e S39 a le Le SOU aan ie lee Oe Yow ue 
OR ee cv tee ee Zeoo | £592) |) 3.08) 1S. 68.11 Gaoe VO 684i) ie) 
ae ee Doth ee Oo tele ta Lh. DO be eon 4 Gd ht, 
Te ee Bn oA oe BR ee aera ae TASS oN 25S" ane oe SOUINoE OG MRO AOd [ae ere 
AS Oe RM seh gg ds ol ase a's Oya ee codueites (lon het eres elds oick | heat oe 
LS OMe ora lanai ere tt Aes. ol. es 1 SOF 2A USN SIGS SO s285 Fp 27S Gtk eee. 
BBUR YS | tee AMR te ek tea lee ws ie HIN OG eS. 39) IRSA SeGOe ty 186. Pees: 
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TABLE X.— Continued. 








a a | er | | ES | ee | ES | ge | 


1899 te alae e ereua re tite nds ie eee ee 1.12 | 1:69.) 1.71] 4.15") 2 OSmimee 
LODO SERIE Le OCR PARE ae Ov95. | dew | 1.2454) 165539) Ton ORO ree 
ROOTS es scusteeet RES fue oy cosnens nome ee 4,43:..| 3,30°1°2.07 4 3.97 15.620) eee eee 
1902 4 te Rie eh: Ae he wes coe 1.92.1) 27842) 4..33)). 5.259) 62.415) See 
1 SOBe wm eee ke psceneiete es sie tenes fearon 2.60 7) °0.223°) 0.77 4) 4.86" 7.209) 1 ee 
1 OO Bical ive heleo iinibe-coihcs epee cleat: i true leer 1,67} 4.04)) 3.37) 5.73.) 2./66.4) 3.260 eee 
A OOS eee eee ee ete oo rel ice > eee 2.05 1°2.01 [8.78 | 3.39 5:44: | 01 S905 eee 
OO Giksce Ss wh tease pau elem crm 2.08 | 4.2414 °5.31 42.37 103,689) 216i eee 
1 GOT EE Bee A Cit athe el Re ee eee 2 (424 158275172. 3845) 1286 11 860) 2S eee 
OO Sot eee ue mutes ide cca ei toes Gite ee 8528.13.07 1 1,96 A AGT 2 17 9: OG mene 
Average 1on 20 yedrous ans ie 2.06 |'°2.70 3.61 153.69 | 3. 35.4) 23 cee 
Average for 5 years — 1904 to 
TGOS See el. tals Deke eae ee ee 2630 |S. a) ae 3.81. | 2°96") 2334 geese 


Let us now consider the disposition of the 11.46 inches of 
rainfall that remains after the grass has had its supply. We 
have no data for this piece of land as to the amount of surface 
evaporation, run-off, and subterranean percolation. But using 
figures somewhat below the average as obtained by soil physi- 
cists in various experiments we may put the evaporation at 4 
inches of rainfall, the run-off at 1 inch and the downward seep- 
age at 1 inch, leaving 5.46 inches for the apple tree and_ its 
crop. But few data are at hand as to the water requirements 
of apples but since the apple plant begins growing early and 
continues until late fall, since it has an enormous leaf surface 
and a relatively large number of stomata, and since the yield of 
fruit is six tons or more to the acre, it may be assumed that the 
apple needs a large amount of water. This assumption is sup- 
ported by the work of Loughridge® in California who found that 
of the apricot, olive, peach, citrus fruits, fig, almond, plum, 
grape and apple among fruits the last is least resistant to 
drought, requiring three times as much water as the apricot, 
olive or peach; twice as much as the citrus fruits or fig, one and 
a half times as much as the almond «and. plum; and one and one 
fifth times as much as the grape. These considerations must 





°Cal. Exp. Sta. Rpt., 1897-98: 95. 
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lead to the conclusion that the 5.46 inches of rainfall left 
after the grass has taken its share of water and the natural 
waste has taken place, is not nearly enough to enable the apple 
to make an.optimum growth or produce an optimum crop. It 
should be noted, too, that grass makes its heaviest demands 
for moisture at the time when the trees need the water most. 

The conclusion that the differences in tree growth and crop 
in the two plants of this experiment are mainly due to differ- 
ences in moisture, are in accord with the teachings of the best 
authorities on soils in this country. Thus King states :1° 
“There are very few fields upon which crops of any kind, in 
any climate, can be brought to maturity with the maximum 
yields the soils are capable of producing without adopting 
means of saving the soil moisture.’ Hilgard'! holds that 
“under ordinary conditions of culture, and within limits vary- 
ing for different soils and crops, production is almost directly 
proportional to the water supply during the period of active 
vegetation.” Whitney” claims that the moisture supply in the 
soil is the only important factor to be regulated by the culti- 
vator in most soils, all other factors being, in general, pro- 
vided for naturally. A generation ago Johnson’® wrote: “ It 
is a well recognized fact that the next to temperature, the water 
supply is the most influential factor in the product of a crop. 
Poor soils give good crops in seasons of plentiful and well 
distributed rain or when skillfully irrigated, but insufficient 
moisture in the soil is an evil that no supplies of plant-food 
can neutralize.” | 

Table X shows that the average rainfall for the five years of 
this experiment is 2.11 inches more than the average for the 25 
years of which it isa part. Thus the period has been favorable 
for the sod-mulch method. 

* Physics of Agriculture. By F. H. King. Madison, Wisconsin: 1901, 
Pt Soil By E. W. Hilgard. New York: 1906, p. 193. 


2U. 8. Dept. Agr., Bureau of Soils, Bul. 22. 1903. 
78 How Crops Feed. By Samuel W. Johnson. New York: 1870, p. 216. 


480 REPORT OF THE HORTICULTURAL DEPARTMENT OF THE 


The food supply.—aA. consequence of the reduced water sup- 
ply in the sod plat is, of course, a reduced food supply; for it 
is only through the medium of the free water in the soil that 
plants can take plant-food. Food, then, because of the greater 
supply of water, is more available in the tilled plat than in the 
sod plat. Beyond this statement, data at hand do not permit 
us to go. Table XI shows analyses of composites of soil taken 
from different parts of the two plats early, mid-season and 
late in the season of 1908. The differences are slight and 
variable and mean, if any thing, that the differences in water 
soluble plant-food in the two plats are too small to be detected 
by chemical analyses. 


TABLE XI.— WATER-SOLUBLE PLANT-FOOD IN THE SOD AND TILLED PLATS OF 
THE AUCHTER ORCHARD. 








a : Phos- , 
pe : Soluble | Organic ; : Nitro- 
Season. Depth. Plat. matter “netter Potash. PhOnS gen. 

In. *P,p.m.| *P. p.m.| *P. pin. *P, pm.) =P. pum 
Karlyeee oe. 6 OCIS. eh carne 321°6 141.2 12.8 0 10.8 
TIDA SES pies 303 .2 143.6 7.6 2.8 Pi? 

Difference 18.4 —2.4 Le 8 —.4 

Mid-season.. . 6 SOC ove earns Oty se 81.2 8.8 238 Ke 
Tillares. ee 278.0 B26 ine: 2.4 oe 

Difference. —60.8 | —40.4 1.6 4 0.0 

Latéwe Sasbar 6 Sods. aren 237.6 102.8 12.8 3. Gin 3.6 
Pia 2e We. as 267 .6 116.0 4.8 2.4 1126 

Difference —30.0 | —13.2 8.0 p lis —8.0 

Harivecrrc ce. 12 Sod Pr tan... 240.0 119.2 7.6 Pra) 19.2 
Pillage, sles 158.0 100.0 4.0 1.8 1.6 

Difference 82.0 LOe2 3.6 ae va. © 

Mid-season... 1b SOs say eee 272.8 139.2 4.8 2.8 22.0 
Pillagemie.: 166.4 110.0 3.6 1.4 13.6 

Difference 106.4 29.2 hic2 1.4 8.4 

Date atienasvon ae I DOd, DEW east 121 ee 49.6 3.6 2.4 6.8 
AINE Heal 130.4 57.6 39] ilpsie! 4.8 

Difference. . —9.2 8.0 4 .6 2.0 


*Parts per millon. 
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There is much to show that there is an abundance of plant- 
food of all kinds in both plats of this experiment. The trees 
in the tilled plat showed, in all respects, good feeding and 
such trees in the sod plat as could get any considerable por- 
tion of their roots into the tilled plat, or the adjoining tilled 
fields, likewise seemed to be well fed. Moreover the fertilizers 
added to certain rows in each plat, as described on page 452 
give no appreciable results in either plat. Another strong 
proof of the high degree of the fertility of the land is the 
growth of grass it produces. It would be hard to find, in or 
out of an orchard, a better stand of orchard grass than that 
annually produced on the sod plat of this experiment. 

There should be little difference in the amounts of the sey- 
eral plant foods in the two plats, if, as may be assumed, they 
contained the same amounts at the beginning of the experi- 
ment, for only the crop of apples has been taken from either 
plat. Table XI seems to show that there is a little more 
potash, phosphoric acid and nitrogen in the sod plat than in 
the tilled one. The differences are so slight as to be quite 
within the range of variation yet it may be that they come from 
the fact that the tilled trees have made a much greater growth 
and have produced much larger crops than those in sod and 
thus have used more food. 

If lack of food is the cause of the deleterious effect of the 
sod on the trees it is starvation in the midst of abundance. 
The food is in the soil but because of a lack of water to bring 
it into solution, or because the soluble fertility is monopolized 
by the grass, the trees do not get it. The fact that the grass 
does not seemingly suffer suggests that the grass roots surround 
the tree roots and have the first opportunity to take moisture 
and food and leave but little for the rootlets of the trees. 

The last consideration suggests that in deep, fertile soils 
where the tree roots may go down and escape the grass roots, 
competition between the two plants may be less strenuous and 
the effect of the grass on the apple therefore less harmful than 
in the comparatively shallow soil of the Auchter orchard. 

16 
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The data given on page 441 show that the orchard soils of New 
York are shallow. In 3883 orchards out of 528 in this State 
the top-soil is not over twelve inches deep. The average depth 
of the top-soil in the Auchter orchard is, as we have seen, from 
nine to twelve inches. Since the rooting habits of trees are 
very different, sod may be more harmful to some varieties than 
to others. 

There is more humus in the tilled plat than in the sodded 
plat.— Humus has numerous and important functions in the 
soil for vegetable growth. The advocates of sod for orchards 
urge as one of their strongest arguments that tillage “ burns ” 
out the humus. It is granted at once that tillage without 
cover crops, green manure crops or the addition of stable 
manure or other organic matter, does decrease the humus con- 
tent. But such tillage is now seldom practiced or advocated. 
Farmer and fruit-grower know well that for any series of crops 
or on any soil organic matter must be supplied; and experi- 
ment stations and horticultural press have for years been 
urging green manure crops and cover crops as supplements to 
the dressings of stable manure which are applied at greater or 
less intervals in all commercial orchards. 

The advocates of the sod-mulch methods have offered no data 
to show that in mulched orchards in grass there is more humus 
than in tilled orchards in which cover crops or green manure 
crops have been used. This experiment furnishes some data to 
show that tillage and cover crops supply trees with even more 
humus than they get in sod with the gross cut as a mulch. 


TABLE XII.— HUMUS PER ACRE IN SOD AND TILLED PLATS AT DEPTH OF 
Srx INCHES. 





Per ct. Per ct. 
ULLV Es int eree meester ee AiO Ra seery 5S cuny - 2 Oe DPOCtantetr es tes shh. he he 
AUS UBL AIO De me ceed COUR RY a ee oo eo Debs SOC) fos Saeed 225 
ANOTABC ue ls ho eee cs Bre eee Da Oe Pere fo = se Dae 


Gain for tillage, .20 per ct. 
Gain in tons per acre, 1.8. 
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Table XII shows that there is 1.8 tons per acre half-foot 
more humus in the tilled plat than in the sodded plat of this 
experiment. 

But little is known about the value of humus for fruit soils. 
Some of the best orchards in the arid regions of the West have 
almost no humus. Nor are the functions of humus well known. 
It can hardly be held, therefore, that the slight excess of humus 
in the tilled plat of this experiment has made any great differ- 
ence in either tree growth or crop. The data given are offered 
as a contribution to the knowledge on the subject and to offset 
the oftmade assertion, unsupported as yet by evidence, that the 
tillage method of managing an orchard “‘ burns out the humus.” 

The temperature of the soil is lower in the sodded land.— 
The great importance of a proper soil temperature is recog- 
nized by all who grow plants. The florist and gardener want 
more or less “ bottom heat” for all the plants they grow and 
the farmer and fruit grower shun cold soils for all of their 
crops. It is scarcely probable that in this climate, if there be 
an abundance of moisture, any of our soils ever become too 
warm for any crop. While, then, no data can be set forth to 
show that the apple will do better in a warm soil than in a 
cold soil, these general considerations would lead any apple- 
grower to choose a warm soil, and would lead him to prefer, 
other things being equal, a method of soil management which 
gives him the warmest soil. 
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TABLE XIII.— Som, TEMPERATURE IN TILLED AND SODDED LAND. 





Depth of 6 inches. Depth of 12 inches. 
N Weather 
Date. A. M. Paevis A. M. P. M. conditions. 
Sod. | Tilled.| Sod. | Tilled.| Sod. | Tilled.}| Sod. | Tilled. 

G/28e. eh sO Ts 63 724 63 634 634 654 | Bright. 
6/29....] 654 664 67 68 634 654 63 654 | Rainy. 
Tle 614 612 70 70 61 62 622 64 Very cloudy. 
MUS toes 66 66 654 65 634 644 634 634 | Very cloudy. 
W/ date 604 594 69 694 614 614 624 634 | Bright. 
hE ee 624 62 68 70 62 63 63 65 Bright. 
1/De dae 634 632 71+ 724 624 64 634 65% | Slightly cloudy. 
T/GCe oe 644 65 702 72 634 65 634 654 | Cloudy. 
i OcEdee 67 68 704 724 65 674 65 674 | Cloudy. 
(EAL. os che 664 674 73 75 644 67 654 68 Bright. 
AW Ae 67 724 744 644 674 654 68 Slightly cloudy. 
Lee 66 68 67 68 65 674 63 64 Rainy. 
Tp APS Mee 634 64 68 68 622 644 64 66 Bright. 
Vyloeet.« | Ole 62 704 70+ 622 634 64 65 Bright. 
Weel eos 67 734 75 644 664 654 674 | Slightly cloudy. 
GFAGa id. =| B69 70 75 ta! 66 68 674 692 | Slightly cloudy. 
Ui lee ar Oy 714+ 754 774 574 694 68+ 704 | Cloudy. 
YU Alice ees cl (ty TAUPE 714 734 75 674 69+ 674 692 | Slightly cloudy. 
17 LO) ee) oo 70+ 76 77% 674 70 684 al Bright. 
W203 lap OF (2 73 734 68 704 684 702 | Bright. 
CUP 5 3| hug iG) 76 71+ 724 67 694 664 684+ | Rainy. 
CERRY GO | Mas) 682 73+ 74 674 684+ 674 69 Cloudy. 
i / 2d OS 684 71 714 662 684 664 684+ | Bright. 
fees ah CWE. 68+ 73+ 734 664 68 674 684 | Bright. 
7/20..0-1 O74 684 734 734+ 664 68 674 69 Slightly cloudy. 
(f/2 Bel aD 694 704 70 67 69 66+ 684 | Slightly cloudy. 
1/2950.2 1 OT 672 73 734 654 674 664 684 | Slightly cloudy. 


- | | FFs SF S | | 


Aver..| 66.3 | 67.4 71 73.3 | 64.5 | 66.6 | 65.4 | 67.2 








Table XIII shows that the tilled soil is warmer morning and 
night at depths of six inches and twelve inches than 
is the sodded soil. At the first named depth the tilled soil is 
1.1° warmer at seven o’clock in the morning and 1.7° warmer 
at six at night. At a depth of twelve inches the tilled soil is 
2.3° warmer at the morning hour-and 1.8° in the evening. 
These results agree with the experimental results and con- 
clusions of the best soil authorities. For example, Hilgard 
says:* “A cover of either living or dead vegetation depresses 
the temperature of the soil as compared with the bare land, 
as elaborately shown by Wollny and Elbermeyer. In the 
monthly averages these differences rarely exceed .8° C. (1.5° 


“Soils. By E. W. Hilgard. New York: 1906, p. 305. 
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F.), and are mostly below .50° C. (1° F.), but during different 
parts of the day they may rise to 2.2 to 2.5° C. (4 to 4.5° F.), 
at 4 inches depth.” 

Criticisms of the data may be made and these we hasten to 
anticipate. It is possible that the differences between the 
tilled and the sodded plats would be reversed at night, as the 
tilled soil probably would lose more heat by radiation and 
diffusion. Such differences, we think, would be more than 
offset by temperatures taken at the hottest part of the day. 
The table, it is now seen, is defective in not having midday 
and midnight observations. An examination of the data shows 
that on some days the differences are large, on others small and 
on still others they are reversed. These variations may be due 
to differences in the air temperature which, when high, would 
give a high tilled-soil temperature; sunshine would cause a 
similar rise in the heat of the tilled soil; dry air would cause 
great evaporation from the grass and a consequent low tem- 
perature beneath it; and windiness might affect the readings 
one way or the other. 

How important this difference in temperature is, cannot be 
said with our present knowledge on the subject. But a con- 
sideration of the ways in which a high temperature influences 
vegetable growth will lead to the conclusion that even a slight 
increase in temperature may be helpful to the apple. King” 
gives the following ways in which a high soil temperature aids 
in plant growth: Heat hastens the solution of food substances; . 
it makes the diffusion of dissolved substances more rapid; it is 
more conducive to rapid and thorough soil ventilation; it de- 
velops stronger osmotic pressure thereby forcing the soil solu- 
tions into the roots and upward mre rapidly; and lastly it 
hastens the formation of nitrates. As regards the formation 
of nitrates King says:'® “In studying the conditions under 
which the nitric ferment works most vigorously, it has been 
learned that the germs cease to develop nitric acid from humus 








1% The Soil. By F. H. King. New York: 1895, pp. 221-225. 
*Tb., p. 224. 
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when the temperature falls below 41° F.; that its action is 
only appreciable at 54° F., while it becomes most vigorous at 
98° F., but that at 113° F. its activity drops back again to what 
it was at 59° F. Here, again, is another and very urgent need 
for the right soil temperature.” The augmentation of any one 
of the processes named above is of importance, and all taken 
together make certain that any condition which raises the soil 
temperature must very greatly accelerate vegetative activity 
and thus become of practical importance. 

The aeration is better in the tilled soil—tThe fact stated in 
the heading of this paragraph is so obvious as to hardly need 
discussion. To till is to stir and loosen the soil. When soil 
granules are massed loosely, as in a tilled field, unoccupied 
space exists between the granules and this space permits the 
free movement of air. If the granules are packed together 
tightly, as in sod land where the soil cannot be loosened, there 
is comparatively little unoccupied space between granules for 
the movement of air. AIll sod land, as compared with that 
under tillage, is poorly aerated, and in most cases the older 
the sod, the less well ventilated, for as time passes the soil 
granules are more closely packed by the elements and the roots 
of the grass. The ideal soil is often compared to a sponge, 
not only because of its capacity to hold nutritive solutions but 
because of permeability for air. Hilgard’™ says in this con- 
nection “ there can be no question that the higher productive- 
ness of well-cultivated soils is largely due to the greater and 
readier access of air to the roots.” 

The functions of air in the soil are discussed in all text books 
on soils and need be only briefly mentioned here. Air insures 
the presence of both oxygen and carbonic acid in the soil. 
Oxygen is the “ vital air” of plants as of animals — absolutely 
necessary to life; it is necessary, too, in all decays, fermenta- 
tions, putrefactions, and nitrifications and without it there 
could be no beneficial soil micro-flora. Carbonic acid plays an 


“Soils. By E. W. Hilgard. New York: 1906, p. 279. 


New YorK AGRICULTURAL EXPERIMENT STATION. 487 


important and indispensable part in bringing inorganic ma- 
terials into solution for plant food. 

While no data can be given from this experiment to show 
that the soil of the tilled plat is better aerated than that of 
the sodded plat, or for that matter that aeration is necessary 
to the apple, yet the above considerations, necessarily very 
brief, are convincing as regards both points. We are justified, 
without the presentation of specific data, in saying that the 
better growth and greater productiveness of the tilled trees are 
in some degree, and probably no small one, due to the better . 
aeration of the tilled soil. 

The beneficial micro-flora is larger and more active in a tilled 
soil—No experimental evidence is offered to show that the 
flora of micro-organisms is larger in the tilled plat of this 
experiment than in the sodded plat. Such evidence is not 
necessary, for experimenters in this field are well agreed that 
beneficial micro-organisms are found in greater numbers and 
are better distributed in a cultivated soil than in compact and 
uncultivated soils. These lower forms of life, as with higher 
forms, are profoundly affected, both as to their individual well 
being and as to their multiplication, by such environmental 
conditions as food, air, moisture and temperature, all of which 
factors are better regulated for all growth by cultivation. 
One of the objects of tillage, as set forth in the latest agricul- 
tural text-books, is to convert the soil into a suitable living 
place for micro-organisms through the increase of humus, good 
drainage, good ventilation, and a higher temperature. It is 
not unreasonable, therefore, to assume, though specific data 
are wanting, that the greater number and better condition of 
the micro-organisms in the tilled plat of this experiment con- 
tributed to the greater well being of the trees thereon. 

The toxin theory.—There is much evidence to show that all 
plants, to a. greater or less degree, so change the soil in which 
they grow as to make it wholly or practically unfit for a suc- 
ceeding crop of the same kind, There is evidence to show, 


o 
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too, that, somehow, different crops growing in the same soil 
may injure each other or the one the other. Two theories are 
advanced to explain these antagonisms of plants. - One is that 
plants excrete toxins; the other is that the injurious effect 
arises from the action of bacteria or from the injurious pro- 
ducts of bacteria brought about by some interaction between 
the higher plants and the micro-flora. 

Pickering, of the Woburn Farm, in accounting for the in- 
jurious effect of grass upon the apple, as we have seen,'* does 
not attribute the harm done to the competition for moisture 
and food, to a difference in temperature, to a lack of air and 
oxygen or to excessive amounts of carbon dioxid, but holds 
that it is due to some ‘* actively malignant effect on the tree, 
some action on it akin to direct poisoning.” More recently the 
same experimenter leaves the question open as to whether the 
harmful action is due to toxin from the roots of the grass or to 
some change in the activity or product of the micro-flora 
brought about by the sod. 

Beside this specific experiment with the apple and grass 
there have been several investigations with other plants to show 
that vegetable organisms have interdependence other than 
those with their physical environment. The Bureau of Soils 
of the United States Department of Agriculture has published 
a series of interesting investigations bearing upon the problem 
of plant excretions.!® Hunt and Cates*® show in a bulletin of 
the Cornell Agricultural Experiment Station an antagonistic 
effect between corn and weeds. Studies on the effect of weeds 
in corn made by Dr. Sturtevant! at this Station in 1883, 1884 
and 1886, show this antagonism, although the cause of the 
malign influence was not assigned to toxicity. At the second 
annual meeting of the Society for Horticultural Science the 
writer read a paper” on “The Relationship of Plants” in 





See page 445. 

*U. 8S. Dept. Agr., Bureau of Soils, Buls. 22, 28, 36, 40 and 47. 
2° New York Cornell Exp. Sta. Bul. 247:188. 

1 Ann. Repts. of this Station, 1883:137; 1884:100, and 1886:50. 
* Proceedings of the Society for Horticultural Science. 1905:72. 
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which investigations with peaches grown in pots with several 
other plants show that the peach does not thrive if its roots are 
in close proximity to those of certain other plants. 

As has been described on page 468 apple roots escape at every 
opportunity from the grass roots, establishing, where nearby 
tilled or sodless soil permits, a veritable “ dead line” between 
apples and grass. The extremely deleterious effect of the grass 
roots on the apple, and the extreme sensitiveness of the apple 
roots to grass roots, curving away from them as if they had 
perceptive organs, suggests that there may be an unknown fac- 
tor partly responsible for the effects of grass on apples. In 
this respect, however, this experiment is not crucial and it is 
best for the present to attribute the injurious action of the 
grass in the main to known factors — to disturbances of plant 
nutrition, leaving the more obscure factor until further evi- 
dence is secured. 


APPLICATION OF RESULTS. 

The well being of nearly all the plants which minister to the 
needs of man is improved by tillage. It does not appear from 
this experiment that the apple is an exception. This fruit re- 
sponds to high cultivation in the nursery row; it seems to con- 
tinue to do so when transplanted to the orchard. Results as 
positive as in this experiment can be made very comprehensive. 
They will, it is believed, apply to all varieties of apples, and 
to all fruits, for that matter, and to practically all fruit soils 
and conditions. It should not be expected, however, that sod 
will be deleterious in the same degree under all conditions. It 
should be expected, for instance, that in a deep soil, where the 
apple roots can escape from the grass roots, or in one contain- 
ing a great amount of soil moisture, the harmful effects of the 
grass will not be so marked as otherwise. The experiment 
does not show that apples can not be grown in sod. There are 
many orchards in New York which would prove the contrary. 
It suggests, however, that apples thrive in sod, not because 
of the sod, but in spite of it. The fact that there are many 
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thrifty orchards in sod in New York is not proof that these 
orchards would not do better under tillage. 

In considering the two methods of management, of all the 
factors affecting the growth of trees in this experiment, con- 
servation of moisture should receive first attention from the 
apple grower. This statement is affirmed not only by the re- 
sults in the Auchter orchard but in practice the world over. 
The climate of Europe is moist; sod orchards are the rule there. 
Near the Atlantic seaboard in America, ‘as in New England, 
where the rainfall is comparatively high, thrifty orchards are 
found in sod. In the western fruit regions where irrigation 
is practiced, sod orchards are hardly to be found; water is 
purchased and must be conserved. In irrigated lands tillage 
is found to be the best means of moisture conservation. Mois- 
ture is by no means the only factor to be considered in the 
controversy over the sod and tillage methods of management, 
but it appears to be the chief one. 

The statement is often made that trees will become 
“adapted ” to grass. There is nothing in this experiment to 
indicate that such is the case. The sodded trees began to show 
ill-effects the first year the orchard was laid down to grass 
and each succeeding year has seen greater injury. Trees can 
hardly become adapted to thirst, starvation, asphyxiation and 
poison. 

To manage the soil of an orchard properly requires nice 
adjustments and delicate balancing for each particular case. 
Soils vary much and all are complex; quite diverse chemical, 
physical and biological changes take place in diverse soils. 
Every apple-grower, therefore, has a problem of his own. But 
the individual problem can be best solved by the rational appli- 
cation of the ordinary laws of nutrition and growth—those 
which apply to cultivated plants in general. The apple is not 
unique among plants. 


THE GRAPE DISTRICTS OF NEW YORK AND 
TABLE OF VARIETIES.* 


M. J. DORSEY 


INTRODUCTION. 


The basis of this bulletin is “‘ The Grapes of New York,” pre- 
pared by this Station and published by the State Department 
of Agriculture. In collecting the material for the grape book, 
much valuable information was contributed by the grape- 
growers of New York in co-operation with the Station. The 
edition of the larger work was necessarily limited. It is the 
purpose of this bulletin to place before the grape-growers an 
accurate summary of the information contained in the grape 
book. 

The bulletin contains: First, a discussion of the natural fac- 
tors influencing grape culture. Second, an account of the loca- 
tion, soil, climate, history and present status of the four great 
grape districts of New York. Third, a brief description of the 
most important species of Vitis, giving their natural habitat, 
botanical differences and horticultural importance, with the 
object of showing their significance in varieties. Fourth, a 
table of 161 of the most impcrtant varieties, giving the species, 
fruit and vine characters, date and place of origin or introduc- 
tion, and a brief statement of their value for the grower. 


THE NATURAL FACTORS INFLUENCING GRAPE 
CULTURE. 
Commercial grape growing in New York is practically con- 
fined to four well-defined and specialized districts. This is 
largely due to the favorable influence of the natural factors 


*A reprint of Bulletin No. 315. 
[491] 
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which govern the distribution of plants. Few species are more 
decidely influenced than the culivated grape by latitude and 
altitude, temperature, water supply, air currents, the chemical 
and physical properties of the soil, insects and fungi,— the 
natural factors which determine local environment. 

Altitude and latitude The temperature of a place, as well 
as the amount of sunlight and the length of the growing sea- 
son, is largely determined by the latitude and altitude. Local 
modifications often counteract these. In general, cultivated 
varieties are more exacting in their demands than native 
Species; because such plants are usually removed from their 
natural habitat, and their growth attempted in places having 
a different elevation, a longer or shorter growing season, or 
a higher or lower annual temperature. Similar susceptibility 
to environmental variations is also shown in the case of grapes 
from crosses between species long adapted to different climatic 
conditions. 

Temperature.— The grape requires a relatively even air tem- 
perature. In the latitude of New York, regions and seasons 
having a comparatively low temperature during the growing 
season of May, June and July, with much sunshine during the 
maturing months of August, September and October, produce 
the best grapes. Grape growing is perhaps dominated more by 
air temperature than any other single factor. This largely 
determines the northern range and hardiness of varieties, 
which ones can be grown successfully in any region, and in 
many seasons where and when there shall be a crop. Its in- 
fluence is seen at different periods of the year in winter killing, 
damage by late spring or early frosts, shrivelling and drying 
up of the leaves or sunscald of the fruit. In the control of 
air temperature lies the value to the grape of large bodies of 
water, like lakes and wide rivers, which temper the cold winter 
and hot summer weather, equalize night and day temperatures 
and lengthen the growing season by warding off frosts in the 
spring and autumn. 
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Water.— Not only must the total annual rainfall be con- 
sidered but also its distribution throughout the season. The 
smallest quantity required for a good vine growth produces 
the best crops, freest from diseases. An excessive rainfall dur- 
ing the growing and maturing season favors the growth of 
fungi, checks and weakens root development while at the same 
time it induces too great a growth of vine and when coming at 
blooming time hinders the proper setting of fruit. A com- 
paratively dry soil favors a larger root growth which is better 
able to stand drouth, and is less favorable to fungus diseases, 
but more favorable to the phyloxera. Species and varieties 
differ as to their ability to withstand an excess of moisture. 

Air currents Air currents and air drainage are of most 
importance in the control or suppression of fungi. In regions 
having good air drainage the dreaded black-rot and mildew are 
less destructive. When the temperature is near the freezing 
point, winds or air drainage often keep the air in motion and 
prevent frosts. On the contrary, winds, when dry, strong or 
cold, unless modified by windbreaks or physical features may 
prove to be detrimental in their effects upon vineyards. 

‘The soil.— Fertility, the physical characters and conditions 
and soil heat are important factors in determining the suita- 
bility of a soil for grape-growing. 

Great natural fertility is unnecessary. Soils too rich pro- 
duce an overdevelopment of the vine at the expense of hardi- 
ness and fruitfulness.. Some species grow naturally upon poor 
light soils. Fertilizers, and especially cover crops and stable 
manure, can be used to supply very largely a natural lack of 
fertility. 

The grape is influenced more by the physical character of 
the soil than by fertility. The two distinct types of soils in 
agricultural regions are sand and clay; the soil takes the char- 
acters of the one which predominates. These two types pro- 
duce a similar growth of vine, but have a different influence 
upon the quantity and quality of the fruit. As compared with 
the sandy soil, the clay is more compact, more retentive of 
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moisture, and cooler. Grapes prefer a light friable soil to one 
more compact. Lightness and friability can be increased by 
cultivation and sub-soiling or by the use of cover crops and 
stable manures. A suitable condition of the soil should precede 
the planting of a vineyard. 

The preference which a number of varieties show for sands, 
loams, shales and gravels depends largely upon the heat found 
in such soils. The farther north, or the longer the season re- 
quired for ripening, the greater becomes the necessity for a 
warm soil. Soil heat can be influenced by drainage, by the 
addition of humus, or by cultivation. The grape is no more 
exacting as to soil requirements than other fruits, but the 
necessity of selecting a suitable soil, coupled with favorable 
climatic conditions for its commercial culture, needs no 
stronger argument than the fact that in New York we have 
the viticulture of the State centered in four comparatively 
small districts, while commercial success with the grape ap- 
pears to be impossible on much larger areas which produce 
good crops of other products, even fruits, 

Insects and fungi.— Since the advent of spraying and a 
more accurate knowledge of the life cycles of insects and fungi, 
their ravages have become more and more within the control of 
man and their influence upon grape-growing of less impor- 
tance, and there are some favored vineyards in which neither 
insects nor fungi are troublesome. Nevertheless, instances 
where promising viticultural ventures have been wiped out of 
existence, or survive only as a result of constant and expensive 
combative measures, still place insects and fungi as factors 
requiring careful consideration. 


GRAPE DISTRICTS OF NEW YORK STATE. 


THE CHAUTAUQUA DISTRICT. 

The Chautauqua grape belt extends along the southeastern 
shore of Lake Erie, averaging about three miles in width, and 
is about fifty miles long. It les in Erie and Chautauqua 
counties; its northeastern boundary is not far from the Erie- 
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Chautauqua line; its western limit is an arbitrary division — 
the New York-Pennsylvania line — for the district passes into 
Pennsylvania. 

Elijah Fay planted the first grapes in this district in 1818; 
they were wild vines of Vitis labrusca from New England. In 
1822 he planted roots of Millers Burgundy, Sweetwater and 
Black Hamburg. These were not as successful as the first, 
and the real start was made in 1824 when Mr. Fay planted 
Catawba and Isabella vines secured from Prince of Long 
Island. These vines were trained on trellises and covered an 
area two by eight rods in extent. The gale of grape vines was 
started by Lincoln Fay in 1854; but few were sold, for in 1859 
there were only twenty acres of bearing vines in the town of 
Portland. In the decade following, the Concord was intro- 
duced, and in 1870 there were about 600 acres in Chautauqua 
County. The first carload of grapes was shipped from Chau- 
tauqua County in 1880; the shipment was made to Philadel- 
phia by Jonas Martin. In 1900 the shipment reached 8,000 
carloads and in 1906, 5,634 carloads. This apparent decrease 
is accounted for by the large quantities used locally for wine 
and grape juice. According to a canvass made by this Station 
in the preparation of “ The Grapes of New York ” the acreage 
of this district was, in 1906-7, distributed approximately as 
follows: Portland, 9,500; Westfield, 5,700; Ripley, 5,700; 
Pomfret, 4,600; Hanover, 1,950; Sheridan, 1,950; Dunkirk, 
600; making a total of about 30,000 acres of grapes. Accord- 
ing to the figures gathered 90 per ct. of this acreage was set to 
Concord, 3 per ct. to Niagara, 2 per ct. to Worden, 1 per ct. 
each to Moore Early and Catawba, with the remainder made 
up of a dozen or more varieties, of which Delaware leads. 

The grape belt proper is on a comparatively low, narrow 
plain, bordering the southeastern shore of Lake Erie and ex- 
tending back from the lake bluff to the bill or escarpment, 
which rises from 500 to 700 feet above the plain and 500 to 
1,000 above the lake. The plain is gently rolling and every- 
where may be seen ancient beach lines, ascending in from two 
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to five well defined terraces which rise above the lake bluff 
with a grade of from one to two hundred feet to the mile. The 
plain, the terraces, and the escarpment form the chief natural 
topographical features of the district. 

The soils, as mapped by the Bureau of Soils of the United 
States Department of Agriculture, are Dunkirk clay, Dunkirk 
gravel, Dunkirk gravelly loam, Dunkirk sandy loam and Dun- 
kirk shale loam. Back from the lake east and west from Bar- 
celona, in the region of Van Buren, and about Dunkirk, are 
found the largest areas of Dunkirk clay, which ranges from a 
few inches to a foot in depth, resting upon a stiffer and more 
tenacious clay. It was upon the Dunkirk gravel, which is 
found upon the terraces at the foot of the “ hill,’ that grapes 
were first grown. This soil is a week or more earlier than 
other soils and is largely planted to early varieties. The 
Dunkirk gravelly loam runs practically the whole length of 
the belt at the base or on top of the gravel ridges and 
is underlaid at a depth of about three feet with sand 
and shale fragments. This soil produces a growth similar 
to that on the gravels, though with some varieties it is claimed 
the berries are larger and with other the amount of wood is 
greater. The largest areas of Dunkirk sandy loams occur east 
and west of Dunkirk and Fredonia, bordering the lake in large 
irregular areas or extending back from the bluff to the escarp- 
ment. Other areas occur about Brocton and Portland and 
smaller ones east of Barcelona and northwest of Ripley. This 
soil is brownish yellow, is found on undulating land, ranges 
from six to twelve inches in depth, and produces good crops. 
The Dunkirk shale loams are found upon. the escarpment and 
are furthest from the lake. The soil is thin, brown in color, 
has considerable shale on the surface and is underlaid with 
heavy clay. Grapes from this soil are high in flavor, contain 
a good amount of sugar, mature early, and are much sought 
for in making wine. 

The climatic conditions of the Chautauqua district are 
especially favorable. The high escarpment running its whole 
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length confines the lake influence to a narrow space, tempering 
the inshore breezes of the day and off-shore breezes of the 
night. These keep the air in nearly constant motion, averting 
frosts in spring and autumn and preventing the formation of 
heavy dews and fogs. 

The Chautauqua district has a system of pruning and train- 
ing peculiar to itself. Posts six to eight feet in height are set 
every third vine, with two wires running through the row; 
the lower one 28—82 inches above the ground and the upper 22— 
36 inches above the first, each varying in height according to 
the size or age of the vine. The arms are tied to the lower wire 
and the canes and shoots to the upper. Cultivation varies 
greatly but is thorough by the best growers. Spraying is not 
generally practiced owing to the freedom of the district from 
pests. 


THE CENTRAL LAKES DISTRICT. 


The Central Lakes district is made up chiefly of three dis- 
tinct localities about Keuka, Canandaigua and Seneca Lakes, 
though the vineyards of this region are in the five counties of 
Ontario, Yates, Schuyler, Steuben and Seneca. Vineyards sur- 
round Keuka Lake in Yates and Steuben counties, the southern 
half of Seneca, and all except the lower end of Canandaigua 
Lake. There are less extensive plantings about Naples, Bath 
and Romulus. The soil, climate, varieties and methods of 
culture are so similar in all these areas that they can easily 
be grouped into one district. 

Unlike the first attempts in the Chautauqua district, the 
first plantings made in this district at Hammondsport, in 1836, 
by Rey. William Bostwick, were successful. The varieties were 
Isabella and Catawba. Scattered plantings in gardens about 
Keuka followed this attempt. In 1853 Andrew Reisinger, a 
German vine-dresser, planted a commercial vineyard of two 
acres of Isabellas and Gatawbas at Harmonyville. Two years 
later Hon. Jacob Larrowe and Mr. Orlando Shephard planted 
small vineyards of the same varieties in Pleasant Valley near 
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Hammondsport, and were so successful that they increased 
their plantings in 1858. Their example was soon followed by 
others and in 1860, 200 acres were set in Pleasant Valley alone, 
with large plantings in other places about Keuka Lake. The 
first plantings were made on the Yates side of Keuka Lake in 
1855 when Mr. W. W. Shirland set a small vineyard to Isabel- 
las. The first plantings about Canandaigua and Seneca lakes 
seem to have resulted from the spreading of the industry from 
the Keuka region. The dates and places of the first plantings 
are not known but there is evidence of plantings about Avon 
before those in Pleasant Valley. Mr. J. W. Prentiss made the 
first commercial shipment from this region in 1854, when he 
sent a ton of Isabellas, packed in tubs, to New York. A second 
ton sent by him “ broke” the New York market. The Concord 
and Delaware were introduced into this region the same year; 
the first was introduced by John Mead, of the town of Benton, 
and the latter by Henry Rose of Penn Yan. Wine-making be- 
gan about 1860 and the manufacture of wine, brandy, and 
champagne, has since developed into an important industry. 
About twenty-five companies are now found mostly centered 
about Keuka Lake. The acreage of the several counties in this 
region is estimated as follows: Yates, 7,940; Steuben, 5,570; 
Ontario, 2,630; Schuyler, 1,014; Seneca, 1,540; making a total 
of 18,694 acres. The principal varieties grown in this region 
are Catawba, Concord, Delaware and Niagara. 

The topography of the region is more or less rough and 
broken; steep hillsides of the lakes formed both by erosion and 
tilting of the land, ranges of hills, and moraine deposits all 
combine to give character to the district. 

Deep narrow lakes, occupying what are generally agreed to 
be preglacial valleys, temper the climate so that it is much less 
severe than in adjacent territory. Seneca Lake is so deep and 
its water so slow in cooling, that it has been known to freeze 
over only a few times in a century. Ranges of hills protect 
enclosed valleys. The high banks of the lakes protect the vine- 
yards along the lakeward slopes from winds while the water 
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from the lakes equalizes the night and day temperatures during 
the growing season, preventing frosts and severe winter freez- 
ing. These influences, acting together, give to this district a 
long range of season, which ripens grapes one to two weeks 
earlier than in the Chautauqua belt. 

The soils of this district, being of glacial origin, vary much 
in composition and texture; though in general nearly all of 
the grape soils of the Chautauqua district are to be found, with 
probably the Dunkirk clay loam predominating. In many 
places along the lakeward slopes, on the hills and moraines, 
the land is rough and stony with a thin covering of soil. 

Different methods of pruning and training are used, but the 
high renewal system is used by most growers. In this system 
a trellis having three wires is used; the first is about 20 inches 
above the ground, with the others placed above it at intervals 
of 18 inches on the posts. The head of the trunk is twenty to 
thirty inches high above ground. New canes are brought out 
from renewal stubs or the head of the main trunk and tied 
to the wires above. This system is well adapted to the vine 
growth of the Catawba and Delaware. Thorough cultivation 
is practiced and fall cover crops are coming into favor. In- 
sects are less troublesome and fungi more so in this district 
than in the Chautauqua district. 


THE HUDSON RIVER DISTRICT. 

The grape region along the Hudson River forms the third 
largest district of New York. The vineyards are, for the most 
part, found in Orange, Ulster, Dutchess and Columbia counties. 

The first plantings in this district were made at Croton 
Point, in 1827, by Robert Underhill and his two sons, R. T. 
and W. A. Underhill. The varieties set were Catawba and Isa- 
bella; the vineyard was subsequently enlarged to cover about 
seventy-five acres and for some time practically supplied the 
market of this district. In 1829, Rufus Barrett of New Paltz, 
who probably received his inspiration from a colony of French 
Huguenots with whom he lived, began shipping Isabella grapes 
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to New York. Two years later John Jacques, a Frenchman, 
secured vines of Isabella and Catawba from Prince of Long 
Island, and planted a vineyard at Washingtonville, Orange 
County, some vines of which still live and are probably the 
oldest vines in New York. In Ulster County near Clintonville, 
William T. Cornell set a vineyard to Isabella in 1845. The 
Census Report for 1890 places the vineyards of this District 
at 13,000 acres; the reports ten years later showed a decrease 
of nearly one-half; an estimate in 1906-7 by this Station, 
places the present acreage by counties as follows: Columbia, 
865; Dutchess, 488; Orange, 865; Ulster, 4,021; making a total 
of 6,199. This decrease is largely due to the discarding of a 
number of old vineyards, planted with worthless varieties, or 
too many of them, and the giving up of plantations poorly set 
or located. Indications now point to a prosperous condition 
(for the district. Of the varieties grown in this region Con- 
cord leads followed by Delaware, Niagara, Worden, Moore 
Early, Bacchus, Pocklington, Campbell Early, Hartford, Ver- 
gennes and a large number of minor varieties. 

The Hudson River district may well be called the birthplace 
of American viticulture; here is to be found the oldest winery, 
the oldest vineyard, the first distributing point, the greatest 
number of varieties; and lastly there has been centered in this 
region a corps of viticulturists, whose memories will long be 
perpetuated by horticulturists. 

The soils of this district are clay or gravelly loams with 
more or less coarse fragments of slate or shale. They have 
been formed from limestones, schists, shales and slates, of the 
geologic formation known as the Taconic Province. This 
province is a broad valley taking in Orange, parts of Ulster, 
Dutchess and Columbia counties in New York and extending 
westward across northern New Jersey into Pennsylvania. The 
land is more or less hilly and rolling, with some broad undu- 
lating plains. | 

In the southern Hudson Valley where grapes are grown, 
there is a wide range of temperature, and a comparatively 
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light rainfall during the growing season with the maximum 
in July. The temperature in the grape district is high in the 
summer owing to the southern winds and physical features of 
the country, and low in winter. The high summer tempera- 
ture and relatively light rainfall in the growing season are 
very favorable to grape growing. 

In the early attempts of grape growing in the Hudson Valley 
the European methods of training were often used. Experi- 
ence with native varieties soon showed that vines should be 
trained so that a larger surface should be exposed to sunshine. 
Different methods of pruning in the District soon arose but 
the one which soon came into general use originated in Ulster 
County with William Kniffin and still bears his name. This 
method of training is sometimes called the drooping system as 
contrasted with the upright systems of the two former dis- 
tricts. The trunk extends to the top wire; the canes are tied 
horizontally to both wires on either side of the trunk, and the 
bearing shoots allowed to droop downward. The growers be- 
lieve this system to be well adapted to the strong-growing 
varieties. 

There is little uniformity in the packages used in this dis- 
trict owing to the diversity in nearby market demands. It 
is Surpassed by none in its shipping facilities and markets. 
The fungus diseases are more destructive than the insect pests ; 
black-rot being especially troublesome in some sections. Spray- 
ing has not been generally practiced, and the decrease in acre- 
age during the past decade has been increased by fungus 
diseases. 

THE NIAGARA DISTRICT. 3 

The Niagara district is the smallest and of the most recent 
development of any of the grape districts of New York. It 
borders the Niagara River in Erie and Niagara counties, and 
the southern shore of Lake Ontario in Niagara, Orleans, 
Monroe and Wayne counties. 

Up to 1886 when the Niagara grape was introduced into this 
district, there were but few vineyards along the Ontario Shore. 
During the few years following, heavy plantings of this variety 
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were generally made and it soon became evident that the region 
was well adapted to grape-growing, except in minor unfavor- 
able localities which were soon abandoned for this purpose. 
In 1906-7 the acreage in this district was approximately dis- 
tributed as follows: Erie County, 2,100; Niagara, 1,250; Or- 
leans, 375; Monroe, 700; Wayne, 380; making a total of 4,800 
acres, 

Conditions in the southern part of this district, in Erie 
County, are similar to those described in the Chautauqua belt. 
The grape lands along the Ontario Shore are upon the Ontario 
Plain, which extends from the Niagara River, along the south- 
ern shore of the lake for nearly its entire length. The plain 
varies from four to nine miles wide and like the Chautauqua 
belt is bounded on the southern side by a high escarpment or 
“the mountain,” though its influence is less marked. The sur- 
face of the plain is more or less rolling in its general character. 

The prevailing soils are sandy, gravelly or clay loams, though 
in some parts stony and shaly. As far as they have been classi- 
fied, they belong to the Dunkirk series. 

Climatic conditions here are similar to those in the Chautau- 
qua belt. As compared with inland sections, the Summer tem- 
perature is more even and the winters less severe; the rain- 
fall and dews are lighter; the fall frosts much later and the 
growing season longer. The winter months are characterized 
by much cloudy weather. 

Concord and Niagara are grown chiefly; and, in the main, 
are marketed in Buffalo, Niagara Falls, Rochester and other 
nearby towns, or shipped to eastern markets. Black-rot is very 
destructive in the Niagara vineyards owing to the susceptibility 
of the variety. 


SPECIES OF GRAPES. 

An inspection of the parentage of the 161 varieties mentioned 
in the table beginning on page 508, will show that there are 
Seven species represented. Of these, all are crosses or hybrids, 
except twenty-five, twenty-four of which are pure Labrusca. 
In sixty varieties the two species, Labrusca and Vinifera are 
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represented; in twelve, Riparia and Labrusca; in eight, three 
species, Riparia, Labrusca and Vinifera; while in one Manito, 
there are five. Further analysis shows the relative importance 
of each species in breeding and the extent to which it has been 
used as a parent. Out of the 161 varieties, Labrusca blood is 
found in 156, Vinifera in 104, Riparia in 27, Bourquiniana in 
25, Aestivalis in 15, Lincecumii in 10, Rupestris in 5. While 
in a number of varieties the immediate parents are unknown 
and identification is made possible only by the “ear marks” 
shown by vine and fruit characters of the different species, in 
others the parentage has been carefully and accurately recorded 
by the breeder. In either case the significance of species in 
crosses and hybrids, with their characteristics, and incident 
strength or weakness, is worthy of brief mention. 

Vitis aestivalis. The natural habitat of Aestivalis is from 
New York and New Hampshire south to Florida and westward 
to Kansas and Texas. It is vigorous in growth, with slightly 
pubescent, medium to rather thick canes, with heavy bloom; 
tendrils intermittent; leaves usually small, entire, three and 
five-lobed, bluish underneath; berries are small to medium, blue 
or black, tart and spicy, rich in coloring matter. Aestivalis is 
primarily a southern species, hardy, resistant to insects and 
fungi, endures drought well, and in the wild is adaptable to a 
wide range of conditions. It has been little used in breeding, 
ripens late, and has little promise horticulturally for the North. 

Vitis bourquiniana.—Bourquiniana is Supposed to be of 
hybrid origin; its natural habitat and consequently its wild 
form have not yet been found. It differs from Aestivalis in 
having thinner leaves, slightly reddish-brown shoots and under 
side of leaves, larger and sweeter berries and more deeply lobed 
leaves. Bourquiniana is represented by a number of southern 
varieties, Delaware being the only important northern variety 
supposed to have a portion of its blood. It promises to be of 
more value for the south than the north. 

Vitis labrusca.— This species is indigenous to the Atlantic 
coast plain from Maine to Georgia. Wild vines have also been 
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found in the Ohio River basin. The vines are moderately vig- 
orous in growth, shoots climbing, densely pubescent, with 
thick diaphragms and continuous tendrils; leaves large, thick, 
entire or three-lobed, very woolly on under side; clusters small, 
compact; berries medium to large, blue, red or white in color, 
Shatter badly, with a very foxy odor. From this species came 
most of our cultivated varieties—156 out of 161 varieties men- 
tioned in this bulletin have Labrusca blood in them. Labrusca 
is adaptable to a wide range of conditions under cultivation, is 
hardy, productive, and resistant to diseases; it is of first im- 
portance horticulturally in America east of the Rocky Moun- 
tains. The grape breeder has used it, with promising results, 
in crosses with other species. ‘“ Kar marks ” of this species are 
continuous tendril, thick diaphragm, heavy pubescence, thick 
leathery leaves, foxy odor of fruit, shattering of the berries and 
large number of clusters per shoot. 

Vitis lincecumii.— The home of this species is eastern Texas, 
western Louisiana, Oklahoma, Arkanas and southern Missouri. 
Growth vigorous, climbing or growing in clumps; shoots 
covered with rusty wool, tendrils intermittent; leaves very 
large, entire, three, five or rarely seven lobed, with rusty pubes- 





cence below; fruit ranges from small to large, typically black 
with heavy bloom. Being a southern species it requires a 
longer season to mature than that of New York, but its vine 
and fruit characters make it of interest to the southern breeder. 

Vitis riparia.— The natural range of Riparia far exceeds 
that of any other of our native species; it is found from New 
Brunswick and Quebec southward to the Gulf of Mexico and 
west to the Great Salt Lake in Utah. Over this wide area it 
is found mostly in the river valleys and upland ravines. Vine 
vigorous to very vigorous, climbing; shoots smooth, slender ; 
tendrils intermittent, diaphragm thin; leaves medium to large, 
thin, entire, shallowly three to five lobed, usually glabrous 
above, hairy or lightly pubescent below; cluster medium to 
small, compact; berries small to medium, black, with blue 
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bloom. The strong vine characters of Riparia have brought 
it into extensive use as a stock, but on account of the poor 
fruit there is not a single variety of the species of more than 
local importance. The breeder has used it sparingly in crosses 
and hybrids and it is found in only 27 of the varieties listed 
here. The species is characterized by thin, smooth leaves, in- 
termittent tendrils, thin diaphragm, slender vigorous growth. 

Vitis rupestris. Rupestris is a southern species, indigenous 
to southwestern Texas, eastern New Mexico, northward and 
south from southern Missouri, Indiana, Tennessee, Pennsyl- 
vania and the District of Columbia. The vine is typically a 
small, strongly branched upright shrub, rarely climbing; dia- 
phragm thin, tendrils few, weak, usually deciduous; leaves 
small, glossy, folded, entire, glabrous on both sides; berries 
small, black or purple. It is hardy, drouth resistant, the roots 
growing deep into the soil instead of laterally, foliage not sub- 
ject to rot or mildew. Of interest to the breeder as a hardy 
parent, though it has been used but little. The habit of growth 
and characteristic leaf render it easily detected in hybrids. 

Vitis vinifera.—The original home of Vitis vinifera is prob- 
ably somewhere in western Asia. Botanists have never agreed 
as to whether it is an elementary species or a combination of 
two or more, the original forms of which are obsolete. The 
vigor of the vine is variable in our climate, not so high climbing 
as some American species; tendrils intermittent; leaves rather 
thin, three, five or seven-lobed, usually glabrous, in some varie- 
ties hairy or downy when young; berries oval, very persistent 
to pedicel, flesh and skin adhering; very variable species in 
vigor, hardiness and shape and color of fruit. As mentioned 
previously Vitis vinifera has been very freely used by the 
American grape breeder in making hybrids with native species ; 
104 of the varieties mentioned have Vinifera blood to a greater 
or less extent. Unfortunately in all cases where there is Vini- 
fera blood there is a correlated weakness in vine. Hardiness 
and resistance to disease are sacrificed in increasing the 
quality of the fruit. 
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It will be seen that there is a marked difference in the 
habitat, manner of growth, horticultural value and botanical 
characters of the different species. Descriptions in the table 
will show, in the variety, fruit and vine characters of the 
species. For example, we associate oval or oblong fruit, high 
quality, and weakness of vine with Vinifera; continuous ten- 
drils, thick diaphragms and foxy fruit with Labrusca and thin 
diaphragm with Riparia. A careful analysis of varieties, 
from the standpoint of the species, will avoid many plantings 
of varieties, unsuitable on account of lateness, lack of hardi- 
ness, or undesirable fruit characters, on the part of the 
erower, and the production and dissemination of many worth- 
less crosses by the breeder, 
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CATALOGUE OF GRAPES. 


ABBREVIATIONS AND MARKINGS. 


Berry. Size—1, large; m, medium; s. small; v, very. Form.—r, round; 
0, oval; ob, oblong; ov, ovate. 

Color.—a, amber; b, black; bl, blue; br, brown; g, green; p, purplish; 
r, red; w, white; y, yellow; dk, dark; l, light. 

Cluster. Size—1, large; m, medium; s, small; v, very. Compactness.— 
c, compact; m, medium; I, loose; v, very. 

Horticultural status **, well recommended; *, recommended ; +, worthy 
of trial; —, undesirable. 

Fertility of flower.— f, self fertile; s, self sterile; pf, semi-fertile; ps, semi- 
sterile; —, after f or s indicates nearly fertile or nearly sterile. 

Flavor.—a, acid; ar, aromatic; f, foxy; j, juicy; m, mild; r, refreshing; 
8, sweet; sp, spicy; spr, sprightly; t, tart; v, vinous. 

Origin.— Place, abbreviations of states and counties; unk, unknown; date, 
dates indicate time of origin if known; otherwise date of first reference 
or time of introduction. 

Quality.— b, best; vg, very good; g, good; f, fair; m, medium; p, poor; 
Vv, very. 

Season.— e, early; m, mid-season; 1, late. 

Species.— Aest, Vitis aestivails; Bourg, Vitis bourquimana ; Lab, Vitis lab- 
rusca ; Lin, Vitis lincecumvi ; Rip, Vitis riparia; Rup, Vitis rupestris ; 
Vin, Vitis vinifera. 

Stamens.— r, reflexed; u, upright. 

Tendrils.— ce, continuous; i, intermittent; ir, irregular (continuous and 
intermittent). 

Use.— d, dessert; m, market; w, wine. 
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191 sAminiacs ns F... Lape Villsscccee: Mass., 1851 | i al ae m—s 1 
TSAR POE TLC ae cee | mace ier iece nage Ne Jee isce, c f u m—s m 
14) August Giant: .. | Lab. Vins... Mass., 1861 c s r m m 
15| Autuchon...... Rip. Lab. Vin...| Can., 1859 | — | —— | —— l l 
16h Bacchus-s. see IES yah IBEW ON ens pe ING OY <5 eo c s u s—m c 
17) dbatleyae a ve ce Lins GabieVil.. |e Leki mesa i f u ] c 
Tie Batinerss. sore Lab. Vin. Bourq.| Ark., 1898 | — | — | — ] ve 
LOW Barrys see Wa Vinee cae eee Mass., 1851 i s T m—l c 
Oi) Beaconvers sre UB aby OCW Oye eae Tex., 1887 i f—|}— 1 c—m 
Te Dealiiyi eer Lab. Vin. Bourq.! Mo., 18772; ¢ f? \— m c—m 
99) Bellae sees eaeee Rip. Lab. Bourq 
ieee eh abe ee Tex., 1881 i |f— m c—m 
23| Berckmans..... Rip. Lab. Bourq.} S.C., 1868 i f m—s c 
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Berry — 
Bt 
= = Remark 
= mark 

“ x = emarks 

a : as 5 = 8 AS) 

=I o ‘= ° ad | Q Sy 

S = 3 = by 2 | 9 

= & 8 Fe & 3/5 | 

1 m r pb s £—yve e d — | Slow grower; injured 
by severe weather. 
Nearly obsolete. 

2} m—l fe) pb sp gz m — | — | Not hardy, subject to 
mildew. Nearly ob- 
solete. 

3 ] I—Oo pr f g m idwm} * Rogers No. 15. Keeps 
well. Later than 
Concord. 

4 m oO b m _ ] Ww — | Of historical interest; 
not grown now. 

5} m—l fs r Vv g—ve —| d — | A good keeper; sets 
fruit imperfectly; 
ripens unevenly. 

6} m—s 1 T vi zg m — | Of little value in New 
York. 

7| m—l 7 w—y w] SV gz e — | The first named hybrid 
to be disseminated. 
Obsolete. 

8 m I—o dkr f g—vz m — | Undesirable except in 
favored localities. 

9} I—m + |slob| g—yg s m—vg m — | Has not found favor 
with grape growers. 

10) m—s T b SV Zz m Ww + | Keeps well. May have 
value as a wine 
grape. 

11] ab m—s | r—o dkr vs g£—ve m dw + | Worthy of trial for 
home use. 

12 m ne b fs gz e d — | Surpassed by other 
early grapes for 
home use. 2 

to} im r g—ey i Slt 7 e—ve'y mi — | Excelled by other white 
grapes of its season. 

14 1 o—r | pr—b t g m — | Desirable as an orna- 
mental vine. Qual- 
ity high. 

15 m if gz spr _ m Ww — | Not resistant to cold 
and diseases; an un- 
reliable bearer. 

16] m—s Tt b «| vs m ] Ww * | A desirable grape for 
dark red wine. 
Hardy and produc- 
tive. 

17} m—l it pb—b Vv g l d — | Too late for New York 
except in favorable 
seasons. 

18 m I ar s g—ve | m—l! dm + | Worthy of trial. 

19 ] o—r| pb—b vs jabove m| m dm * | Keeps well. Recom- 
mended for home 
use. 

20 m r pb—p | vsp gz m d — | Ripens with Concord. 
Not adapted to New 
York. 

21 m i pb—b |spv zg m—l| dw | — | Practically lost to cul- 
tivation. 

22} m—s r ove s f m — | — | Not recommended for 
New York. 

23 m I—o dkr vs Z m d + | Fruit and vine char- 


acters very good in 
some soils. 
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3 
ey Variety Species Origin 38 ie n = 
se} I 3 oO i = 
=| o| 818 NN O83 
7, HH oD) MD oD) A 
24|sBlackiMagle. a4 | Lab. Vile .ees.. 6 N. Y., 1866 c s r ]—m l—c 
25) Black Peartlia. sa (etlp.WWUaD, 205 ee <e Ohio, 1877?} — | s T s—m m—c 
26] Brighton....... Lab Vinee sent Nw. 1870 cle s rT vi—m } m—l 
2 ebrilliantence ses Lab. Vin. Bourq.| Tex., 1883 i ft u m m—c 
28| BIOWDisti kee = LEBER ME ila ae ace N. Y., 1884 c |f—J] u m—s l—m 
29} Campbell Early.| Lab. Vin........ Ohio, 1892 | i f u vli—m | c—m 
30) eGanad at ewer Rip. Lab. Vin...| Can., 1860 s—|u m ve 
31) Canandaigua ...| Lab. Vin........ N. Y., 1897?) ir |}s—] r l—s l—m 
32) Captain... ..... Lin. Rup. Lab. 

Vint eae Tex., 1901 i Dita ] l 
33) «Carman, fxjs ear Lin. — Ving Gab: 
IBOUTG: sc not- neal) LOXaye Lous i f avm Cc 

34) Catawba..is- tox PabavVins dates N.C., 1823 |i—ir| f u l—m m—c 
35] Cayuga sy: bat.eu Labo Vie? ss <8 .<] ose, 1OSO: 15.0 Sti to eae m m 


O71 Champion. teecs PLADS.<; sascha t Am., 1870 c f 
38]; Chautaugua.ée.s| | LAD: 0455. ee | INL Xy 1892017 6 pt 
39] Clevener....... Lab. Rip. Aest..| unk., 18677] c s 
40}¢Clinton. eee HRI DS Lae ner Neey 5 el O2o 2) er f 


41) Clocta.. i. Aone Lin. Rup. Lab. 
Vin yee. Rete Tex., 1902 | i f? 


49) Colerain; eeese Labs: 42k Ohio, 1880 c f 
43} Columbian Im- 
perial ji: +. ees Urns ere a Ohio, 1885 | c¢ f 


B 
5 


36| Centennial...... Lab. Aest. Vin...| N. Y., 1875 | — | — |— m—s Cc 
44\-Concord!, 46. tee MEW oi scam epee 5 See ere:- Mass., 1843 |c—ir| f 
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Berry 
eH 
Ss 
g 
Ee: |g 5 
Z TD fy 
24 1 Oo 


25\bl m—vs] r—o 


26) m—l I—o 
27; m—l I—o 
28 m I—o 
29 l Tr 
30} m—s r 
31] l—m o—r 


32| Il—m r 


33] s—m _ {|r—ob 
34 m o—tr 
35} m—l |rp—b 
36) m—s —_— 


37im—ab m]| r 


39 et rh 
40; s—m r 

41) m—s |o—Tr 
42 m TO 
43 1 r—) 


44| ab m—1 r 


5 
Ht 
2 rs 
Ss) ics 
b vst 
b sp t 
T vs 
dkr vs 
b fm 
pb sl v 
pb—b | spv 
b s 
b t 
pb—b | vsp 
pr vs 
rp—b vm 
rI—a s 
b fst 
pb vs 
b s 
pb—b |svt 
b Ss sp 
g fvs 
rb as 
b ssif 


vg 


&—ve 


&—Vvs 


@ 


@ 


— — 


@O 


ca) 


_— 


— Oo — 


dwm 


ga 


dm 


Hee 


KK 





Not a commercial vari- 


ety. 

Resembles Clinton and 
makes good red wine. 
But little known in 
New York. 

High quality, produc- 
tive; earlier than 
Concord; a good 
market grape. 

Ships and keeps well; 
grown somewhat for 
market. 

Once thought to be 
promising, but has 
proved inferior to 
other varieties. 

One of the standard 
commercial grapes 
of New York. 

Well known in New 
York as a wine 


grape. 

One of the best keep- 
ers. Worthy of grow- 
ing for home use. 


Of little value in New 
York. 

Long keeper, but too 
late for New York. 
One of the four leading 

commercial varie- 
ties in New York. 
Not a commercial va- 


riety. 

Excelled by better va- 
rieties; lacks vigor 
and hardiness. 

An early market grape, 
ships well, is hardy 
but poor quality. 

Surpassed by Concord. 

Makes a good dark red 
wine. 

A variety of historical 
interest but little 
grown now, being 
surpassed by better 
wine grapes. 


Not suited to New 
York. 

A good early white 
grape for home use. 

Of little value; of in- 
terest on account of 
large size. 

Hardy and productive. 
The standard market 
grape in New York, 
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_ Variety Species Origin BAB or n n 
i — eee | 43 
a HH 3 © Eg 
g z =) § © oe) 
= >| 3% | 8 iS O83 
at Hiln!| aD a roy 
45) KCOttagerarwea.t +s" Lia bivess Gee Mass., 1868 | Cc f u jab m—s c 
46| Creveling....... Labs Vin te. cee se leas abstr | re s rT m 1 
471 Crotons is24-<|. Vin. Lab. Bourg:| N.-¥., 1863 | “i f u vi—m | l—m 
48! Cynthiana...... Aest. WaDanctes Ark., 1863 | ir | f? u m—s c 
20|UDaleyiye. rr. e RAD AVinie2 tisk Kan., 1886 | c s u m 1 
50} Delaware....... Lab. Bourg. Vin.| N.J., 1849?) i f u m—s c 
51} Delawba....... Lab. Vin. Bourq.| Tenn., 1880 | — f |— m—l1 m 
52| Diamond....... LateeVinw. see N. Y., 1870 i f u m—l c 
53] Diana..........| Lab. Vin. Aest...] Mass., 1834 i f u m—l | c—m 
54| Downing.......}| Vin. Aest. Lab...| N. Y., 1865 i sare fet i l—c 
Hole DracutsAMmberie) LaDy, esi. eh. «rs Mass., 1855 c |i—j]u m c—m 
56| Dutchess.......! Vin.? Lab. 
Bourq.? Aest.?} N. Y., 1868 i f u l—m m—c 
SARA CCRC RPE LT Cave meh he ppeR age ieee ae Pas 1874 (sc | ee s—m c 
58! Early Dawn....] Lab. Vin. Aest...; N. Y., 1870 | i s st m—l m 
59] Early Ohio..... labs, coset aces Ohio, 1882 | c | f u m m 
60] Early Victor....| Lap. Bourq..... Kan., 1871 | c |f—J] u m—s c 
Oi) Maton. fee ee Labisg haha op <4 N. H., 1868 | c | pf | u lI—m | c—m 
62) Eclipse... LE) me RS Le ey Il., ©1890 | °¢ 8 r m m 
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Berry =8 
hm DN 
iS Remarks 
a at 
g : i s| F lg 8 
g o fe ° > 3 wn o i= 
= iS} S ir) acs} S s a ° 
Z ND ed e) fy ej on) a Pad 
45 m r b fs g—m e dm * | Ships and keeps well. 
A desirable early 
grape of Concord 
type for home use 
or market. 
46} m—l ro) b fs gz e d + | A light bearer; not 


grown commercially 
but is found in varie- 
tal vineyards. 

47 m T—o]| g—yzg vs g—v_g m d * | Difficult to grow, ten- 
der. In suitable lo- 
calities surpassed by 
none of the green 
grapes for home use. 


48 ) r b st Dp 1 Ww — | One of the best for red 
wine. Cannot be 
grown in New York. 

49| m—s oO T vs 4 m d — | Not worth perpetu- 
ating. 

50| s—m r ix vVsps b m idm w| ** | The standard Ameri- 


can grape of quality. 
Used extensively for 
home use, market 
and wine. 

51| avm —_ a —— g—ve m d + | Worthy of trial be- 
cause of high qual- 


ity. 

52\ab m—m/j|r—ov| g—yg sp vg m |dm w| ** | One of the best white 
grapes. Worthy of 
more general culti- 
vation. - 

53 m I—OV Ir vfs gz m |md + | Not hardy. A good 
grape for home use. 


54) l—m oO pb vm vg m d + | Keeps well, high in 
quality. A good 
grape for home use. 
Not hardy. ] 

55| m—l |o—r| dka vf p-—:a |me d — | Hardy; poorin quality. 

56 m T—o| yeg—a vs ve—b m d * | Subject to fungi; not 


hardy. Excelled by 
few for home use. 
57 m r b t p e d + | Though not in favor 
with grape growers, 
its earliness should 
recommend it. 


58 8 r pb vt f—g e d — | Weak in vine charac- 
ters: 

59 m r pb sa p e d — | Grown to some extent 
but going out of 
favor. ; 

60} s—m j|r—ob| dk pb |arvs g e d + | High in quality for an 


early grape; is but 
little grown and de- 
serves a better place 
in viticulture. 


61} I—vl r b f f d m + | A large seedling of 
Concord. . 
62| I—m |slov b fst 4 me d + | A new grape, being a 


| seedling of Niagara. 
Worthy of trial. 


a ky 
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65 
67 


68 


69 
70 


do 


72 


73 
74 
75 
76 
‘ie; 
78 


79 


80 
81 


82 


83 
84 


85 





Elsinburgh..... 


NWAGSTICLY. eae eeece 
FUL ViTe acter lays 


EG GE: te ada yee lore 
FAUMeLaIN dec « «hs 


HOPE eae 


BX CASI OR cee 


Fern Munson... 
GBEItDels. ss au« 
GONEVal. «wast cic 
Glenfeld ib snes 
OCLC tosee.s 5 > 


(SOld ACOs oe eae 


Grein Golden... 


Hartrord:..wncae 








Bg OH oR Fis) waa 
;_ Vins Aest-... 


Bourg. Lab. Vin. 


Lint Vin: Babess 
Ap aval We om eee te 
Vint, uae, . sae 


Lab. Vin. Aest. 


Aest Uae ates 
NR} Nope BEN oe. Bs : 





1827? 


1892 
1863 
1879 


Tex., 
Mo., 
Nia¥k; 


Mass., 1852 


Mo., 1879 
N. Yi 1847 


Kan., 1880 


1880 
Mo., 1881 

1885 
., 1852 
1874 


1889 
-, 1852 


1885 


1883 
1877? 


Conn., 1849 


1872 
1895 


Mass., 


Tex., 


South, 1825? 





ir 


ir 


— 





mh eh Rb 


pf 


pf 


pf 





ar 


u 
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™ a, 
avm — 
m—l l—m 

s ] 

m c 
l—m m—c 
m—l1 c 
m—s ve 

m c—m 


abm—m| m 





l—m l—e 
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l—m c 
m—s m 
] l—m 
abm | l 
m m 
Ss c 
l c 
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= 
Ss 
g @ E i, 
5 aS] 3 if) 
Z o) cy 'é) 
63; Il—m r {Sas 
64 s 1 b 
65 m T b 
66 m rI—ob| g—gf£y 
67 m r yg 
68; l—m | r—o pb 
69} m—s 1 £—ye 
70 m Tr b 
a m r dk r 
72| |—m o—r dkr 
73| 8 r ve 
74, m—l |r—ob pb’ 
75| |l—m r—o dkr 
76| m—l |o—ob| g—gy 
77| |l—m r olive g 
78|\vl—ab m| o—r r 
79'| |j—m ob dk rp 
80| Il—m I—o yg 
81 l Tr lg—gy 
82} abm I—o b 
83} m—s r gy 
84] m—vs r dkr 
84| below m T rb 


fs 
sp ar 


ar av 


S spr 


vsuba 


Vet 


Vest 


st spr 


Vs 


spr 


eV 


E—Vvée 





Bus ters 


B 





Ww 
dw 


joy 
~ 


a & & 


dw 


dw 


status 


Horticultural 





Remarks 





A high flavored early 
grape, of little com- 
mercial value but of 
some interest to 
amateurs. 

An old variety now 
rarely cultivated. 

Of little value. 

Grown for a light wine. . 

One of the standard 
green grapes of high 
quality. ? 

Not hardy; self-sterile. 
Surpassed by better 
black grape of its 
class. 

Too late for New York. 

Its good qualities 
should recommend 


Thre 

A seedling of Delaware 
and surpassed by it 
in nearly all desir- 
able characters. 

A good grape but too 
late for New York. 
Of interest to ama- 
teurs. 

Of little value for New 
York. } 

Not hardy in New 
York. 

Deserving better recog- 
nition. 

Surpassed by other 
grapes of its season. 

Excelled by others of 
its season. 

Very vigorous, hardy; 
ripening too late for 
most seasons in New 
York. { 

A new grape of high 
quality; an excellent 
keeper. 

Too late for New 
York. 

Does not reach its best 
quality in New 


ork. 

Superseded by better 
early grapes of its 
season. 

Better grapes of its 
season in New York. 

Worthy of trial in both 
commercial and am- 
ateur vineyards. 

An old Southern vari- 
ety. Not desirable 
for Northern climate. 
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as Variety Species Origin Fs e 2 cn 
S a =) 5) | x 
is o 8 fe! ny Ce 
Z, i o) o) 7) A, 
86| Herbert abe. Vill tee ane Mass., 1852 | i s r m—l 1 
87| Hercules....... LAD. Vin gee we ee TL; 31802 fe s i vl m m—c 
SSTRHIcks tar eee, Selig: 2mee. seekaavets Cal.,?9 18983" ec f u l—m m 
Sor Widalvo.- it. . Vin. Lab. Bourq.| Tex., 1902 | ir |f—] u ] m—c 
90| Highland....... Wits Lap = .ceese Ne@Ys, 1865) ad by u 1 m 
91| Hosford........ TAD, eeeeeae = Mich., 1876 | c | pf} u | m— m 
O2\) Hy pride nh ramGrerc|) WV ills chull Diets eters France1903?| i |. Die yar m m—c 
93 Ideal. ccs. Lab. Vin. 
BoOurdst 2 oss Kan., 1886} i |} —.j|— | 1—m m 
O4(" lOnatar cee vet IBEW ON MELO somes NeoYe,.L S00 i |f—j u avm m—l 
95) Tronclad........ Rip Labi stv: Unk., 1873871 c) | sib = 8 m 
O6i@tsabellasnse eee Lab. Villkee.see S..Ce 186 c f u l—m avm 
97| Isabella Seedling} Lab. Vin........ LOA 1889 | ir |f—]| u l—m l—m 
OSielcracila.= aeiet. abs: Vine eee N.Y, 1355 c f? u ab m c 
OO BI ves tenis spe). Lape AGsts. ase. Ohio, 1840 c f? u m c—m 
100} Jaegerscces Line BOUTC ee Tex., 1885 i 3ar4 u m—l ve 
101) Janesville...... Nia Deki a enee eee Wiss, 2853s: {ir f u m—s c 


103 


: Jefferson....... abs Villeeeees oe Ne 1874 i 1 u l—m m—c 
WORSICA Be ies. cterte Ta DenV ine eee -.| Can., 1870?) ir | f—j] u m—s m 
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On account of quality, 
one of the best table 
grapes. 

Of little value commer- 
cially. 

Very similar to Con- 
cord and a little 
earlier. Promising. 

May prove of value in 
favorable locations. 
A new grape of high 
quality. 

Though | grown for 
some time it is not 
widely distributed 
owing to lateness in 
ripening. 

Of doubtful value when 
compared with oth- 
ers of its season. 

Of French origin. 
Hardy, vigorous and 
productive. 

May be of value for 
home use. 

Demands careful cul- 
ture; subject to fun- 
gus disease, yet is 
standard in quality. 
Suitable for home 


use. 

Probably one of our 
oldest varieties. Not 
a table grape. 

Nearly obsolete. 

Grown commercially in 
New York to some 
extent, but not an 
important variety. 

Gradually being drop- 
ped from  cultiva- 
tion. ; 

An old variety | still 
grown for red wine. 

A southern grape not 
maturing well in the 
North. 

On account of hardi- 
ness it has place in 
Tegions of severe cli- 
mates. where better 
varieties cannot be 
grown. 

Lacks hardiness, re- 
quires a long season, 
temperate climate, 
and careful culture. 
Few red grapes bet- 
ter. 

Recommended in nor- 
thern regions for its 
earliness and hardi- 
ness, 
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a —_ meal oO oO 
z 3|$.)8: (¢ Smee 
5 ® is 8 As. eo 3 
Z oH mM NM 8 QR, 
104) Jewels. cs ae: Lab. Bourg. Vin.| Kan., 1874 c 8 r m—s | m—c 
105] Kensington..... Vin. Rips Labs. | Ont. 1870 {oi f u m—1 l—m 
106] Ladyi.3 is ke Tia: Vitiiy cc > ee Ohio, 1874 i f u avm c 
107} Lady Washing- 

TOW? see | Mea VAN sau Games INDY lee a c f u l—m l—m 
TOST=indle ye. ses a Leen. oes Mass., 1852 | c s ry m m 
TOS ebaicie?? peeks « babies oe N. Y., 1888 Cc f u m—1 ve 
TO) SUMste ee seed nae abi fot ce ckte Tenn., 1884 c f u m—s c 
111) McPiker. see ab: hei cmleraeies s Ill.,. . . 1890 c 


1Y2) ‘Mantta!, 72.2": eg Be Tex., 1895 pf 


13 | elation. +... Rips baba ee Pa. 1858)| ¢ s r m 


14 Marina eee ees ab saVins ts hsee Bas esos Ver f u m in 


4 
rs) 
<4 
5 


115] Massasoit....... tab, Vins. .k ses Mass., 1852 | ¢ s 


116| Maxatawney....] Lab. Vin........} Pa., 1844 | c |s—] u s—m m 
117} Merrimac..:.... LAD AVI Adin ness Mass., 1852 i Shir m m 
LIS] Mills... cee eens JOcMoRe ip baler metry ac, Ont., 1870 i {|f—]u l—m c 
119} Missouri Ries- 

line tee ee. | ERD aa ate ee Mo., 1870 ei pifst tu av m m—c 
120) Monroe... 2e0s.. LabjBourg?..e..) N. Ye, 1867 c f u m m—c 
121} Montefiore...... RAD Lab. tee aes Mo., 1879 c s u m—s c 

u 


122)" Moore Harly?s.¢) OUaD se sat wire si es Mass., 1871 c f 
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wo 
g 
Ss 
ap 
fo) 
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status 


Horticultural 
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¥+ 


Remarks 


One of the best early 
grapes for severe 
climates. 

Its hardiness and high 
qualities should rec- 
ommend it for nor- 
thern gardens. 

A Concord seedling of 
high quality. A 
good amateur grape 
suitable for local 
markets. 


Desirable for home use. 

A favorite for the gar- 
den; good appear- 
ance; ships well. 

A hardy, vigorous red 
grape, suitable for 
short seasons and 
severe weather. 
Quality poor. 

Worth growing only 
where better varie- 
ties cannot be 
grown. Hardy. 

Its lack of productive- 
ness and tender skin 
debar it from becom- 
ing a commercial 
grape. 

Does not reach its best 
quality in New York. 

An old variety grown 
in some localities for 
wine. 

Other varieties better 
for the North. Does 
not ship or keep well. 

Vigorous and hardy 
but subject to mil- 
dew and rot. Rec- 
ommended for home 
use. 

Not a northern grape; 
subject to fungus 
diseases; late in ri- 
pening. 

Ships and keeps well; 
good grape for home 
use. 

Variable; mildews; not 
hardy. Not excelled 
in fruit characters. 
Keeps well. 

Too late for northern 
climate. 

Nearly obsolete. 

A red wine grape, not 
of commercial value. 

The standard early 
commercial grape of 
New York. 
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status 


Remarks 





Resembles Delaware, 
is hardier but below 
it in quality, vigor 
and productiveness. 

Too late in ripening. 
Nearly obsolete. 

Susceptible to mildew. 
Other grapes better. 

The standard white 
grape for the com- 
mercial grower. 

A wine grape of little 
commercial import- 
ance in New York. 

Weak in vine charac- 
ters. Now scarcely 
cultivated. 

A typical red Labrusca, 
very foxy; not rec- 
ommended. 

A leading wine grape 
but too late in ripen- 
ing for New York. 

Sets fruit poorly. Not 
a grape for either the 
amateur or commer- 
cial grower. 

Of doubtful value. 

Grown some for wine 
but nearly obsolete. 

Late in ripening. Of 
little value for short 
growing seasons. 

A southern wine grape. 
Too late in ripening 
for northern season. 


At one time grown as 
early grape, now be- 
ing discarded. 

Recommended for 
home use on account 
of quality. One of 
the best green 
grapes. 

Nearly obsolete; never 
widely disseminated. 

Poor in vine characters 

Difficult to grow. Go- 
ing out of cultiva- 
tion. 

High in quality. An 
amateur variety. 
Worthy of extensive 
trial for market and 

home use. 

Attractive berry and 
bunch; late in ripen- 
ing for New York; 
subject to rot. 
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status 


Horticultural 


2K 


Remarks 


An early red_ grape, 
worth a place in the 
home vineyard. 

Rarely cultivated in 
New York. 

Promising. Resistant 
to blackrot. 

Fruit resembles Con- 
cord. May prove of 
some value for New 
York as an early 


geTape. 

Grown but little; de- 
serves better recog- 
nition for market 
and home use. 

Very subject to rot and 
mildew. Can be 
grown only in fav- 
ored localities. 


Weak in vine charac- 
ters; recommended 
only for the garden. 

Excelled by other va- 
rieties. 

One of the finest green 
dessert grapes. Un- 
fortunately it ripens 


too late for most 
seasons in New 
York. 


O ver - productiveness 
and lack of vigor de- 
bar it from the com- 
mercial class in New 
York. 


Keeps and ships best of 
any of the Labrusca 
class. A good red 
grape for breeding, 
market or home use. 

Subject to mildew; dif- 
ficult to grow. But 
few better red 
grapes. An amateur 
rather than a com- 
mercial sort. 


Worthy of trial in New 
York for market and 


home use. 
Should be _ planted ~ 
more generally for 
special and _ local 
markets. 
The standard early 


green grape for New 
York; 
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ORCHARD MANAGEMENT.* 


U. P. HEDRICK. 


The management of an orchard is not a matter to be settled 
by one man for another. To do so is quite as impossible as it 
is to tell a man how to manage a business enterprise, a clergy- 
man how to preach, a teacher to teach, or a lawyer to win 
cases. But some methods are common to all' business, there are 
fundamentals in theology, teaching is based on pedagogy, and 
every lawyer must know something of Blackstone. So, too, 
there are generalities which apply to all fruit growing. The 
better a man can ground himself in these, the more successful 
he ought to be in growing fruit. The word “ generalities ” is 
used in preference to the more pretentious ones “ principles ” 
and ‘“fundamentals;” these imply that fruit growing is a 
science, which it is not, but an art to which a number of 
sciences contribute. It is well to understand this at the out- 
set and so not expect in discussing horticulture the principles 
and formule of an exact science. 

Coming now to the subject. Orchard management; let us ap- 
proach it by outlining the ground to be covered. The fruits of 
this climate fall into three classes, tree-fruits, vine-fruits, and 
small fruits. Orchards are plantations of any of these but we 
restrict the term in this discussion, as in common parlance, to 
plantations of tree-fruits. To classify still further, orchards 
are planted with two general objects in view, to produce fruits 
for home use and for the market. Again commercial fruit 
growing is divided into that for a special market and that for 
the general market. Necessary brevity forbids specific discus- 
sion of these three divisions of orcharding but the fruit 
grower must not lump them together in this rough-and-ready 
way. The ideals for each are distinct and the methods that 
succeed in one division may not succeed in another. The very 
first question for the fruit grower to settle is, as to whether he 


*A reprint of Circular No. 11. 


New YorK AGRICULTURAL EXPERIMENT STATION. 527 


is to grow for home use, a special market or the general mar- 
ket. Upon this decision largely rests the choice of location and 
the choice and number of fruits and of their varieties. 

Still another division may be made. A man may elect to 
grow fruit extensively or intensively. In the first case the 
orchard is the unit; in the second, the tree. Most of the 
orcharding in America igs extensive. Everything is done on a 
large scale. There are many acres; few varieties; uniformity 
of method for all varieties; wholesale packing and handling; 
and satisfaction with a low price. In Europe the fruit grow- 
ing is intensive. Orchards are small; there are many varieties; 
special conditions and treatment are given each variety; indi- 
vidual trees are carefully trained, pruned and fertilized; the 
product is packed with all of the niceties known to the trade 
and sells for a high price. America will long continue to grow 
fruit extensively and conditions are such that it is far best she 
should, but her fruit growers could learn much from the in- 
tensive methods of the European fruit grower; especially learn 
to look more carefully after the individual needs of trees; 
learn, too, “ That large orcharding is sometimes small orchard- 
ing and small orcharding is often the largest orcharding.” 

Whatever the kind of fruit growing, the choice of place upon 
which to grow it demands exceedingly careful attention. All 
subsequent efforts will fail if a mistake ig made in choosing the 
site for operations. Here, indeed, is “ Well begun, half done.” 
In growing fruit for the market certain economic considera- 
tions demand attention; as distance to market, means of 
transportation, labor, storage, competition, disposition of by- 
products, cost of production and over-production. Any of 
these may prove a determinant of success and each should re- 
ceive careful consideration. ‘The weakest goes to the wall” 
applies in the business of growing fruit as well as in other 
business enterprises. In growing fruit for home use, these 
economic factors may be ignored. There are, however, certain 
natural factors which must be observed in fruit growing for 
both home and market. 


om 


528 REporT OF THE HORTICULTURAL DEPARTMENT OF THE 


The first of these is latitude which largely determines the ~ 
annual temperature, the amount and intensity of sunlight, and 
the length of the growing season. Now a man must select his 
fruits and even more particularly his varieties with reference 
to latitude and its equivalent, altitude. It is easy enough to 
select the fruit or fruits for a region in a certain altitude or 
latitude but it is far from easy to select the varieties of a par- 
ticular fruit. Thus the Ben Davis, Winesap, Romanite and 
York Imperial groups of apples belong in southern latitudes, 
while the Concord grape and its seventy or more named off- 
spring belong to the North. So with nearly all varieties of our 
fruits; they are either Northerners or Southerners and should 
be kept where they belong. Still the metes and bounds of 
latitude may be set aside by such local modifications as hills, 
valleys, bodies of water, winds and sunshine. Fortunate is the 
man who has his orchards planted only with sorts suited to 
his latitude. Climate is the fruit grower’s greatest asset and 
costs him nothing. 

As with all crops, the soil must largely determine the value 
of a location for a fruit plantation and in choosing land all of 
the characters, as physical structure, richness, power to retain 
moisture and depth must be well considered. As everyone 
knows special fruits have special soil adaptation; the peach 
grows on sand; the plum on clay; apples and pears on loams. 
But the knowledge that the several fruits have adaptations to 
soils is far from sufficient. A man planting fruit should know 
that each individual variety of any fruit will do better in some 
soils than in others. The successful fruit grower will discover 
what these preferences are. The chemist and the soil physicist 
can help but little here; in most cases an actual test in the 
field is the only way of knowing whether a variety will or will 
not thrive in a soil. One property of the soil is too often neg- 
lected; namely, its heat retaining properties. The florist knows 
that the violet and carnation want cool soils but the rose must 
have bottom heat. Some fruits, as the peach and the grape, 
require warm soils; apples and pears will thrive in cooler 
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lands but in general, a cold, heavy, close soil is a poor one for 
any of the fruits. 

With the location and land selected the next question is, 
What varieties shall I plant? This question we have touched 
upon in part in previous paragraphs and it only remains here 
to be said that out of the thousands of varieties of the several 
fruits even the few best ones may be most readily characterized 
by their faults, showing how necessary it is to make a careful 
choice of varieties. An intimate first-hand knowledge of varie- 
ties in his own locality is the only way by which a man can 
become competent to choose the sorts to plant. Look a little 
askance at novelties. An unbridled passion for “ new crea- 
tions” has been the downfall of many orchards. 

It is about as difficult to select the trees of the several fruits 
as it is to make a choice of varieties. It is not of prime im. 
portance but it is true and therefore worth paying attention to 
that trees grown near home are somewhat better than those 
brought from a distance. It is necessary to look out in buying 
that trees are true to name, free from pests and that they still 
have the breath of life. It would seem that only the simple 
would need to be told this. But I speak within bounds when I 
say that there is scarcely a fruit grower the country over, big 
or little, who has not suffered at the hands of some unscru- 
pulous tree-dealer in substituted varieties, through the introduc- 
tion of some pest, or through buying dead or worthless trees. 
And the buyer can only “grin and bear it.” It is better, if 
possible, that the fruit grower have his trees propagated from 
individuals of known good qualities with the hope that these 
qualities will be handed down. To do this it may be necessary 
for the grower to furnish buds or scions. 

Unfortunately few fruit growers concern themselves with the 
kind of stocks their trees are worked upon. Yet this is a most 
important matter. Apples may be bought upon Paradise, 
Doucin, or home grown or French grown standards. Now the 
first two named are probably only suitable for the amateur and 
of the standards, those on the foreign seedlings are usually 
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much the better. Pears are grown as standards on French 
seedlings or as dwarfs on the Angers quince. The dwarfs are 
gradually going out of vogue. The peach should be worked 
upon seedlings from southern pits and not upon those from 
cannery seeds. Sour cherries on Mazzard stock are far su- 
perior to those on the Mahaleb steck, yet the latter is usually 
planted because easier for the nurseryman to grow and there- 
fore cheaper for the cherry grower to buy —a geat mistake on 
the part of the grower, as trees on Mahaleb stock are dear at 
any price. Plums are grown upon several stocks and no one 
seems to know which are best for the several species of this 
fruit, the different types of soil, and the hundreds of varieties. 

After the trees are on hand the vexed problem arises as to 
how the orchard is to be laid out — whether in squares, quin- 
cunxes, hexagons, with or without fillers, and as to distances 
apart. Only generalities can be given here. The first is that 
a system of squares is usually best because it permits the 
orchard operations to be carried on most readily. Both roots 
and branches will utilize all of the space. Second, fillers of 
fruits other than varieties of the species composing the perma- 
nent trees usually serve only to vex the soul. They greatly 
complicate orchard operations and under treatment meant 
primarily for the permanent trees they are neither “ fish, flesh, 
fowl, nor good red herring.” Fillers of quick bearing varieties 
of the same fruit, especially the apple, may often be used to 
advantage. Third, there should be as many “ outside rows ” as 
possible. JI mean the trees should be far enough apart for each 
to develop in full its individuality for every fruit grower 
knows that the trees on the outside of his orchard produce 
most fruit; the reason is that they get most air, sunshine, 
wind, moisture and food. What better argument for wide 
planting? 

A good deal is being said about sex in fruits and especially 
about the impotency of varieties whereby their fruits do not 
set well. My own opinion is that fruit does not set in this 
region for most part because of frosts, cold weather, rains and 
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heavy winds at blooming time, but still there are some varieties 
of pears, apples, grapes and plums at least that are self-sterile. 
The remedy is mixed planting of varieties that bloom at the 
Same time. It is important that the fruit of all of the varie- 
ties planted have value as it is not worth while to encumber 
land with a sort fit only for a pollinator. Contrary to a very 
general notion the fruits themselves are not greatly changed, 
if at all, by cross-pollination. 

Pruning is almost prehistoric in origin and is popularly sup- 
posed to be the kindergarten operation in fruit growing, yet as 
now practiced it is a hit-and-miss cutting, sawing, chopping 
and shearing out of shoots, twigs, branches and limbs, desig- 
nated by such expressive terms as “ cutting-back,” ‘ heading 
in,” “ dehorning,”’ and ‘ thinning out the wood.” There must 
always be a difference in the details of pruning but there are 
a few general facts and principles which every fruit grower 
should have well by heart. These, briefly stated, run about as 
follows: 


Ist. Winter pruning increases the vigor of the plant. 

2d. Summer pruning decreases the vigor of the plant. 

3d. Root pruning decreases the vigor of a plant. 

4th. Prune weak growing varieties heavily in the winter; 
strong growing sorts, lightly. 

5th. Suckers or watersprouts are often the effect of over- 
pruning. 

6th. Heading-in thickens the top. 

7th. Checking growth by girdling, notching or twisting may 
induce fruitfulness but at the expense of vigor. 

Sth. Heavy pruning young trees delays fruiting. 

9th. All pruning must take into account the habit of 
growth of the tree. | 

10th. Some fruits bear on this year’s wood, others on that 
of last year, and still others on older growths; pruning must 
take the age of bearing wood into account. 


A man can care for his trees better if he makes a sharp dis- 
tinction between pruning and training trees, The operations of 
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pruning, as given above, have to do with the modification of 
the vigor and fruitfulness of the plants, but training, properly 
speaking, aims to keep the trees in manageable shape. Training, 
then, as to whether high-headed or low-headed, open-centered 
or close-centered, one-storied or two-storied, bush-shape or tree- 
Shape, or according to the Kniffen-system, the fan-system, the 
horizontal or the vertical arm systems, depends largely upon 
the conveniences and the whims and prejudices of the grower. 
It is probably more important that a definite ideal be chosen 
and adhered to than that any particular choice be made. 

Cultivation is very generally practiced with all fruits except- 
ing the apple; some claim that this fruit in this State can be 
grown better in sod in which case the grass may be cut as a 
mulch or it may be kept down by sheep, pigs or cattle. The 
various modifications of the sod method of managing orchards 
have come to the fore because of the performance of a few in- 
dividual orchards in the State. Unfortunately it is not yet 
known whether these orchards are the exception or the rule, 
that is whether or not they represent the average run of apple 
orchards in New York. Again, no one knows as yet whether 
these orchards would not have done better under tillage than 
under sod for results have not been given the public which 
show comparative data from the two methods in any of the 
orchards. 

The New York Agricultural Experiment Station has two 
experiments to test these methods of orchard management. 
This year we are publishing on one of these experiments and a 
brief synopsis of the results may therefore be given here, the 
gravity of the issue before the apple growers of the State, war- 
ranting this premature setting forth of the data. The following 
are the chief results in a five-year experiment in the Auchter 
orchard: Annual average amount of fruit on 5 acres; sod, 
340.2 bbls.; tillage, 509.7 bbls.; difference, 169.5 bbls. Annual 
acre average, sod, 68 bbls.; tillage, 101.9 bbls.; difference, 33.9 
bbls. The difference in quantity is due both to a difference in 
nuinber of fruits and in size of (he specimens; for estimates of 
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percentage of blossoms show that the tilled trees bear more 
blossoms than the sod trees and a count of apples in barrels of 
first-class fruit show an average of 434 fruits in a barrel of 
sod-mulch fruit and 309 for the tilled fruit; or, an average 
weight of 5.01 ounces for the sod apples and 7.02 ounces for 
the tilled. 

The one respect in which the sod-mulch fruit surpasses the 
tilled is in color. But since in every possible test the tilled 
trees are shown to be most vigorous, and since wounded, dis- 
eased, and decrepit trees always bear fruit of high color, it can 
be said that the bright color of the sod fruit is the hectic flush 
of disease or decrepitude. 

The fruit on the sod-plat matures from two to three weeks 
earlier than that on the tilled land and there is even a greater 
difference in the length of time the apples from the two plats 
will keep. ; 

The fruit from the tilled plat is crisper, juicier and better 
flavored, a fact many times affirmed by those in charge of the 
experiment and attested to by all of the many apple connois- 
seurs who have been asked to take a taste. 

The growth of trees is more uniform on the tilled plat than 
on the sod and the crops on the trees, both as to size and 
quantity of fruit, are more uniform. In commercial orchard- 
ing it is greatly to be desired that trees behave uniformly. 

In the long run the crop performance in an orchard measures 
vigor and health but in so short a period as five years we must 
know how the trees themselves are affected. The health and 
vigor of a tree is almost directly proportioned to the increase 
in the diameter of the trunk. The trees on the sod plat gained 
an average of 1.1 inches in diameter; on the tilled plat, 2.1 
inches. This is as clear cut and as accurate evidence as can 
be offered. 

The annual growth of new wood on an apple tree is a most 
important criterion because it measures both the vigor and the 
bearing capacity of the tree since fruit buds may be formed on 
any of the wood older than one year. The average annual 
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growth per branch on the sodded trees was 3.4 inches; tilled 
trees, 6.7 inches, the tilled trees making twice the growth made 
by those on sod. | 

The foliage of a tree is as ready a test and as delicate a one 
to determine health as the pulse is to a human being. The 
tell-tale tints of the leaves alone would convince even the most 
skeptical of the superior vigor and health of the tilled trees in 
this experiment but the size of leaves, amount of foliage, 
weight of foliage, total leaf area and length of time the leaves 
remain on the tree, all prove tillage the better method of 
orchard management to obtain health and vigor of tree. 

Liebig’s “law of the minimum,” according to which the yield 
of a given crop will be limited by the amount of one particular 
constituent of food, if applied to all the factors affecting the 
trees in this orchard will show that one factor alone is quite 
sufficient to account for-the differences noted — namely, the 
supply of water. 

The results of 128 determinations of moisture in the top foot 
of soil show that in the 2,000 tons comprising the upper layer 
in an acre there were in the sod plat at any time from June to 
September 144.4 tons of water; in the tilled plat, 239.8 tons, or 
a difference of 95.4 tons, or 724 barrels or 23,485 gallons. These 
figures substantiate what is held by all soil authorities, that in 
this climate, conserve it and save as best you can, the seasonal 
rainfall on the average soil is not more than sufficient for the 
best development of any one crop; indeed it is seldom sufficient 
for one crop. If then, we divide the rainfall between two crops, 
grass and apples, both must suffer. 

A brief financial statement regarding this experiment may 
be of interest since the claim is so often made that sod-mulch 
method is cheaper than tillage. The average cost per acre of 
the two methods of management were: for the sod, $17.92; 
tillage, $24.47; a difference of $6.55 per acre in favor of the 
sod-mulch. But the cost per barrel of apples, counting rental 
of land, was $1.65 for the tilled plat and $2.15 for the sod plat, 
$.50 per barrel in favor of tillage. It is not cheap methods that 
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give highest profits; lowest cost of production gives highest 
profits. 

We pass now to another phase of orchard management — 
that of inter-crops and cover-crops. The best modern orchard 
practice permits the growing of inter-crops, hoed crops pre- 
ferred, in an orchard until the trees come in bearing, and in- 
sists upon there being a cover-crop sowed at the close of the 
season’s cultivation to be plowed under the following spring. 
The use of inter-crops and cover-crops in orchards gives a 
splendid opportunity for the study of the likes and dislikes of 
plants for some plants seem to be really particular as to the 
company they keep. For instance, there are observations and 
some experimental data to show that the peach and the potato 
will not break bread and sup together in peace and if grown in 
intimate contact the results are disastrous and most so to the 
peach. Much ill-feeling is manifest between the cereals and 
the peach; not so marked between the cabbage family and 
the peach; while members of the clover family are pleasant 
and profitable companions for Madame Peach. All this sug- 
gests that crops for the orchard must be chosen with some care. 
If an inter-crop is sown, keep tree and crop so separated that 
they can not trouble each other. In the use of a cover-crop to 
check growth, interference with the food and drink of the tree 
by the cover-top must be expected; and lastly, in the case of 
the legumes at least, a crop may be sown which will materially 
add to the food-supply of the trees themselves. 

In the present-day fruit growing the horticulturist is not 
‘permitted to say much about insects, fungi and spraying. The 
botanist and the entomologist hold that the Almighty meant 
them in particular when he gave man dominion over “ every 
creeping thing that creepeth upon the earth.” While we shall 
have to admit that the knowledge and skill of the entomologist 
and botanist are indispensable, yet the fruit grower can so plant 
as to avoid some of the warfare with pests in which we are all 
now engaged. Thus King, Roxbury and Northern Spy among 
apples are nearly free from scale as are the Kieffer, LeConte 
and Winter Nellis pears, Niagara and Field plums and all sour 
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cherries. There are about thirty varieties of apples on the 
erounds of the New York Agricultural Experiment Station 
never injured by scab, as many more scarcely injured, and of 
course a large number that are badly injured. The Seckel, 
Kieffer, Le Conte and Winter Nellis pears do not blight badly. 
A few plums are never attacked by black-knot and some 
peaches are almost immune to peach curl. Now with these, 
and nearly all other pests, men who can not or will not spray, 
the general farmer and the city suburbanite, for example, 
should plant varieties measurably immune to the most trouble- 
some pests. 

Two thousand years ago Columelia wrote “The earth 
neither grows old nor wears out if it be dunged.” The truth is 
a general one and holds with fruits as with other plants. Few 
will gainsay the statement that if a fruit grower is to crop 
without crippling over a long period of years he must “ dung 
the earth.” Yet I do not believe that fruit crops require the 
addition of nearly as much fertilizer to the average soil in this 
State as do farm and truck crops. The basis for this state- 
ment comes from observation covering a number of years, the 
experience of many fruit growers, but more particularly from 
three experiments carried on at the New York Agricultural 
Experiment Station. I do not wish to discuss these experi- 
ments at this time but rather to set forth several theoretical 
considerations as to why fruits in general do not require the 
addition of as much plant food as farm crops. 

1. From eighty to ninety per ct. of a fruit crop is water; 
the food used in the foliage is returned to the soil. The per- 
centage of solid matter is much greater in farm crops. 

2. Trees have a preparatory season of several years before 
they begin bearing. Farm crops come and go in a season. 

5. The growing season for trees is long, from early spring 
to late fall. It is comparatively short for farm crops. 

4. The roots go down and spread out in the case of tree 
fruits but are comparatively restricted with farm crops. 
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5. Trees transpire relatively large amounts of water and 
therefore relatively diluted solutions of plant-food may suffice 
to furnish food. 

6. All tree fruits have “off years” in which to recuperate. 

7. It is possible to give fruit trees more thorough cultiva- 
tion, thereby better conserving moisture and making food more 
available, than in the case of farm crops. 

It does not follow from what has been said that tree-fruits 
never need fertilizers but these considerations make it plain 
that exceedingly great care must be used in feeding trees if it 
is to be done without waste. The fruit grower ought to experi- 
ment very carefully to see that he gets the worth of his money 
before using any considerable quantities of fertilizers in an 
orchard. 

Lastly, the fruit grower, of all tillers of the soil, should know 
the plants he works with; should have an insight into their life 
processes ; should know how they are affected by external condi- 
tions; should understand the more or less distinct individual- 
ity of each of his trees. Fruit plants are various in kind and 
trees of one kind are often quite unlike because the conditions 
under which they are grown are dissimilar; and because plants 
are inherently variable and plastic. It follows, then, that con- 
ditions must vary for every person who grows fruit and that 
there must therefore be more or less diverse ideals, diverse 
methods and diverse results. But certain forces, embraced in 
what we call “ good care” have brought all fruits from the wild 
to their present state of domestication, and these forces modi- 
fied and refined as we gain new knowledge, must be kept in 
constant operation. 
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DWARF APPLES.* 


Ul P; HEDRICK, 


Dwarf apples are of recurrent interest in the United States. 
Nearly a hundred years ago pomological literature shows that 
they began to receive more or less attention in America. At 
several periods since that time fruit growers have shown un- 
usual interest in the subject, and plantations of dwarf apples 
have been made. We are now in the midst of one of these 
periodic revivals. Several prominent fruit growers recommend 
the growing of apples on dwarf stock; a book has been written 
on the subject; a number of experiment stations are trying the 
dwarfing method, and the horticultural press is telling ‘“ Why 
You Should Grow Dwarf Apples.” 

Especial interest in dwarf apples began at the New York 
Agricultural Experiment Station in 1991, when the State Fruit 
Growers’ Association, The Eastern New York Horticultural 
Society, and The Western New York Horticultural Society ap- 
pointed committees to confer with the authorities at the Station 
for the purpose of locating experimental orchards of dwarf 
apples. It is well to state here and to emphasize the motive 
which led these societies and the Station to co-operate in the 
planting of these dwarf trees. 

San José scale had invaded the State and was rapidly 
spreading. It was known that it could not be exterminated, 
and it was feared that it could not be controlled. It was 
thought at that time that the scale could be best controlled by 
fumigating the trees under tents, and it was believed that full 
grown, standard trees could not be thoroughly sprayed. Since 
it was certain that dwarf trees could be easily fumigated and 
thoroughly sprayed, fruit growers asked for an experiment to 
determine whether dwarf trees could be grown profitably in 
commercial orchards. Had it not been for the bugaboo, San 
José scale, it is doubtful if the fruit growers would have called 
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for the investigation, or the State have voluntarily under- 
taken it. 

Three sites were chosen for experiments: One at Kinder- 
hook, in the Hudson Valley, on the farm of Edward Van 
Alstyne; another at Fayetteville, Onondaga county, on the 
farm of F. E. Dawley, and the third at Carlton, Orleans 
county, on the farm of Albert Wood & Son. The trees in these 
orchards were to be budded on three stocks, and this leads to 
a consideration of the whole matter of stocks. 

Several kinds of dwarf apples are used as stocks upon which 
to bud or graft free-growing apples to dwarf them. These have 
been used in Europe probably for several centuries, and from 
the experience two kinds have been selected as having pre- 
eminent merit aS dwarfing stocks; one the Paradise — the 
other the Doucin. 

Paradise stocks. Of the two stocks, the Paradise makes 
the smaller tree, and is sometimes called the “ Dwarf Apple” 
— the Doucin, the “ Half Dwarf Apple.” The effect of grafting 
the common varieties on Paradise stock is a very diminutive 
or bush-like apple tree. These stocks are grown in Europe, 
mostly in France, and very largely by means of mound layers, 
a fact which indicates that the plant is inclined to stool or 
sucker, often forming, when left to mature, a true bush. This 
stock is also extremely shallow-rooted, and needs much fertility 
in the soil, and still more an abundance of moisture. Not all 
varieties of apples thrive on Paradise roots, scions of many 
failing to make perfect unions. The Northern Spy, Ben Davis, 
Baldwin and R. I. Greening seem to be examples. The union 
is very poor with nearly all varieties unless the tree is trained 
to some style of dwarf head. The considerations of food, 
moisture, union and training make it necessary to give apjile 
trees on Paradise stocks very careful attention. 

Doucin stocks.—The Doucin stock produces a tree about mid- 
way between the Paradise dwarf and the common standard 
tree. Nearly all varieties of apples are thought to produce a 
good union with this stock, though we are not finding this 
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quite true in our experiments. Its food and moisture require- 
ments seem to differ but little from those of the standard trees, 
though without doubt they should receive much more attention 
in training. With both of these dwarfing stocks it is necessary 
to make sure that the scion does not throw out roots and give 
what is called a “bull” tree. Unfortunately the scion may 
root at any time from setting to maturity. Doucin stocks are 
also brought from Europe and if from England care must be 
exercised as to the name of the stock ordered; for the English 
call the Doucin stock “ Broad leaved Paradise,” and the true 
Paradise “French Paradise.” This confusion in names has 
caused much trouble in ordering, and without doubt there are 
many plantations in America on stocks wrongly named. 

Standard stocks.—Since practically all of our apples are 
now on this stock all are familiar with it and little need be said 
of it here. The trees upon which apples are grafted or budded 
for standard trees come from France for the most part, and 
are called “ French Crabs,” the word crab being used in the 
sense of a wild or inferior tree, not necessarily the true crab- 
apple. These stocks are grown from seeds and are imported to 
America in great numbers. Some standard stocks are gtown in 
America and are known to the trade as “ domestic stocks.” 
These are not looked upon as being as uniform in growth, as 
hardy or as vigorous as the French Crab, and for Eastern 
America, at least, are not as cheap. All varieties of apples 
make good unions with standard stocks. 

Advantages of dwarf apples.— In Europe dwarf apples have 
a number of advantages over the standard trees. Advocates of 
the smaller trees claim the same advantages for the dwarfs in 
America. It is very doubtful if these hold on the two conti- 
nents to the same degree, yet they may be set forth here. 

1. Dwarf trees, especially those on Paradise stock, come in 
bearing earlier than standards. 

2. All orchard operations are more easily performed. 

3. Winds cause less injury to the trees and crops. 
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4. The small size of dwarf trees permits the planting of a 
greater number of varieties on a given area. 

5. The fruit from dwarf trees is of higher quality as to size, 
color and flavor. 

We are now ready to see how the experiments by the Geneva 
Station so far justify these claims. 


THE ORCHARDS. 

The Van Alstyne orchard contains 306 trees distributed 
among the three stocks as follows: Standard trees, 27; on 
Doucin stock, 158 trees; on Paradise, 126. These were dis- . 
tributed among the following varieties: Baldwin, Boiken, 
Holland, Hubbardston, Jonathan, Lady, McIntosh, R. I. Green- 
ing, Rome, Sutton, Wealthy and Wagener. 

The Dawley orchard is planted with 512 trees, the number on 
each stock being: Standards, 42; Doucin, 161; Paradise, 309. 
The following are the varieties: Alexander, Baldwin, Boiken, 
Ksopus, Gravenstein, Green Sweet, Grimes, Hubbardston, 
Jacob Sweet, Jonathan, Longfieid, McIntosh, Monmouth, 
Northern Spy, Pumpkin Sweet, R. I. Greening, Rome, Sutton, 
Wagener, Wealthy, Wolf River and Yellow Transparent. 

In the Wood orchard there are 300 trees: Forty-five on 
standard, 90 on Doucin and 165 on Paradise stocks, distributed 
among the following varieties: Alexander, Baldwin, Ben 
Davis, Boiken, Gravenstein, Jonathan, Holland Winter, Mc- 
Intosh, Monmouth, R. I. Greening, Rome, Sutton, Lady, Bis- 
mark, Twenty Ounce and Wealthy. 

The trees for the three orchards were budded in July 1902, 
the Wood orchard being set in the fall of 1903, and the other 
two a year later. The disproportionate number for the three 
stocks is due to the desire to leave in the end permanent 
orchards of the three stocks standing the proper distance apart, 
and yet make the best use of the land during the time the trees 
are coming to maturity. In other words, the trees are ar- 
ranged in the filler system of planting. The distance apart in 
the Wood orchard is fifteen feet—in the other two, twelve 
feet. 
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Taking up the several claims for dwarf trees, we have to dis- 
cuss first early bearing. The following are the comes yields 
for the several years in the three orchards: 

The first year after planting — trees three years from the bud 
— one apple was borne by a Boiken on a Paradise stock. The 
second year after planting, the 602 Paradise trees in the three 
orchards bore 237 apples, Boiken, Ben Davis, Wealthy and 
Wagener producing the crop. The 444 Doucin trees bore 
twenty-one apples, distributed among nearly as many varieties. 
The 114 standard trees bore no apples this second year. These 
figures give an average of less than half an apple to the tree 
for the Paradise stock, hardly justifying the oft-made assertion 
that trees on this stock bear paying crops the second year from 
planting. The third year the Paradise trees bore in the three 
orchards an average of 1.6 apples per tree. The Doucin stock 
an average of a little over a half apple per tree. The 114 
standard trees this year bore two apples. In 1908, the fourth 
year from setting, the Paradise trees bore an average of 5.7 
apples per tree; the Doucins 1.8 apples; the Standards this 
year bore nearly a third of an apple per tree. The fifth year 
from setting the 602 Paradise trees bore 12.7 apples per tree; 
the 444 Doucins bore a fraction less than six apples per tree 
and the 114 Standards produced a half apple per tree. 

These figures are for the combined orchards and for all 
varieties. If we separate the orchards the figures are changed 
somewhat, because of the changed natural condition under 
which the trees are growing. The Van Alstyne orchard had no 
apples until the third year after setting, and then but three, 
one of which was on a standard, and the other two on Doucin. 
The fourth and fifth year it bore small crops, the proportion 
of the crop being about the same for the three stocks. In this 
orchard the Paradise trees are not coming in bearing earlier 
than even the standards. In the Dawley orchard the Doucin 
trees came in bearing with the Paradise trees, but for the past 
two seasons have been more productive, though the difference 
is within the range of chance variation. It is only in the Wood 
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orchard that the Paradise trees have come in bearing appreci- 
ably earlier than the apples on the other two stocks. But even 
here the crop was not large enough to cut any financial figure, 
until the present season, the fifth from setting, when the aver- 
age for the 165 trees was about one-third of a bushel, with 
about half as much on the Doucin trees and almost nothing on 
the standard stocks. 

If varieties are compared there is a tremendous variation. 
Boiken, Ben Davis, Wealthy, Wagener, Longfield, Rhode Island 
Greening, and Rome, about in the order named, have been the 
largest bearers, while Sutton, Northern Spy and Twenty Ounce 
have not yet started to bear on any of the stocks. 

These figures show that while apples on Paradise stock come 
in bearing earliest, they do not bear profitable crops, as is so 
often stated, two years from planting, and only in one of the 
three orchards could there have been any financial return from 
the varieties on Paradise until the fifth year. 

As to the claim that orchard operations are easier in dwarf 
orchards it is apparent at once that such is the case for nearly 
all operations, yet there are exceptions that in these days of 
first-class orchard equipment nearly off-set the greater ease 
with which dwarf trees may be sprayed and the fruit thinned 
and pruned. I refer to cultivation and pruning. The close 
planting and low heading in dwarf orchards make it difficult 
to cultivate properly and to some extent to get about at all in 
the orchard. In pruning the work with dwarf trees is vastly 
greater. Not only must there be the usual winter pruning, but 
also a much more painstaking and laborious summer pruning 
coming at a time when help can be illy spared. Moreover each 
Season it is necessary to dig about the trees to see that the 
scions are not taking root. In these experiments it has been 
found much more difficult to train the dwarf trees with good 
heads than to similarly shape standard trees. 

Coming to the third claim for dwarf trees — that wind does 
less damage to trees and crops — this experiment demonstrates 
nothing. From observation it is certain, however, that the loss 
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from gales in a windy country and high-headed trees is greater. 
The difference between dwarf and low-headed standard trees, 
however, in this respect is almost a negligible factor. If stand- 
ard and Paradise trees are compared the difference is in favor 
of low-headed standards for in the orchards under considera- 
tion it was found that the shallow-rooted Paradise trees often 
blew over. 

The fourth claim of merit is as to the small size whereby 
more dwarf trees can be planted on a given area. This is an 
advantage for amateurs who have little room and want many 
varieties, and to the fruit grower who may want to test varie- 
ties. These three orchards demonstrate very plainly, however, 
that the enthusiasts who are recommending for America a dis- 
tance of anywhere from six to twelve feet for Paradise stock 
and eight to sixteen for Doucin, are putting them far too close 
together. In America these distances will have to be doubled 
unless the soil, trees and methods are very different from those 
in these experiments or in the many orchards that have come 
under the writer’s observation. 

The claim in regard to greater size, higher color and better 
flavor for the fruit of dwarf trees, is one most often made, and 
vet in these three orchards we have been badly disappointed in 
these regards. Where comparisons have been possible the fruit 
from dwarf trees has been no better in size and flavor than that 
from standard trees, or that to be found in many orchards of 
the same size and varieties in different parts of the State. 
Whether this will continue indefinitely remains to be seen, but 
certainly up to the present there has been little to justify the 
claim for better quality from dwarf trees. 

The work in these orchards brings out several marked disad- 
vantages of dwarf trees. The first is that the trees are more ex- 
pensive than standard trees. It costs more to propagate and 
grow them and the nurgerymen must get more for them. A 
second is that there is now and has been for generations a dis- 
pute as to what the true Paradise and the true Doucin stocks 


New York AGRICULTURAL EXPERIMENT STATION. 545 


are. When to this confusion is added the disposition of some 
nurserymen to substitute, those who have had experience in 
buying trees know well what the possibilities are of getting 
the right variety on the right stock. Third, as we have pointed 
out in one or two particulars, dwarf trees need more care. 
This applies to all particulars. The loss of dwarf trees by 
death, from one cause or another in these three orchards is 
much greater than in orchards of all standards. Fourth, while 
this test of dwarf trees does not prove it, all concede that such 
_ trees are much shorter lived than standard trees. How much 
shorter cannot be said without more definite data than can now 
be found. 

In conclusion, while this experiment is not nearly finished, it 
is apparent to all who have been working with the orchards 
that dwarf apples will not take the place of standard apples in 
commercial orchards. Whether they can be profitably used as 
fillers with standard trees is a question. The writer would 
prefer standard trees as fillers. It may be that some varieties 
can be profitably used as dwarf fillers. Possibly a few sorts 
may be used in limited numbers for a commercial orchard of 
dwarfs. The only place for dwarf trees at present seems to be, 
under some conditions, in the garden of the amateur. 

The many inquiries in regard to these dwarf orchards and 
the keen popular interest now manifested in regard to dwarf 
trees is the excuse for the discussion of an experiment not 
yet completed. 
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INSPECTION WORK. 


REPORT, OF ANALYSES OF SAMPLES. “OF 
FERTILIZERS COLLECTED BY THE COM- 
MISSIONER OF AGRICULTURE DURING 
Igog.* 


(The analyses reported in these Bulletins cease to have value 
long before they could be reprinted in this Report; and are, 


therefore, omitted.—W. H. Jorpan, Director.) 


INSPECTION OF FEEDING STUFFS.T 


(See note above. Some comments on results of feeding stuffs 
inspection will be found in the Director’s report (page 27 of 
this volume).— W. H. Jordan, Director.) 

* Printed as Bulletin No. 318. 


7 Printed as Bulletin No. 316. 
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